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ABSTRACT 
Shiny Covbirds were primarily located in six major areas of 
concentration. Of these, all but one was in mesquite woodland. 
Overall, covbirds used mesquite woodland almost 75% of the time but 
use of this habitat varied among weekly periods and was linked to 
rainfall received during weekly periods prior to the observation. 
Habitat use of cowbirds and the time they spent eating particular prey 
items were most correlated with total rainfall received 2-5 weeks prior 
to the observation (p=0.0Q67 and p=0.0149, respectively). Major food 
items taken by cowbirds following periods of sufficient rainfall were 
caterpillars, berries and grass seeds. During periods of drought, 
cowbirds foraged on such food items as the leaves and inflorescences of 
mesquite, waste corn and other grains associated with agricultural and 
residential areas. Cowbirds appeared to prefer caterpillars when 
available. The availability of caterpillars was dependent primarily on 
the species, the host plant, and the amount of rainfall. 
Shiny Cowbirds often foraged in mixed-species flocks with Yellow-
shouldered Blackbirds and/or Greater Antillean Grackles. When icterid 
flocks contained at least 50 cowbirds, blackbirds and grackles 
associated with cowbirds when caterpillars were available as prey 
(p<0.001). 
Main species of caterpillars eaten by cowbirds were larvae of the 
noctuid moths Mocis latipes and Melipotis ochrodes. Other species of 
caterpillars were seasonal and available to cowbirds for short periods 
xiv 
of time (usually 5 days or less). 
On average covbirds foraged, rested and preened, and drank and 
bathed about 68%, 31%, and IX of the time, respectively. Nine 
incidences of allopreening were observed between cowbirds and 
Yellow-shouldered Blackbirds. Twenty-five incidences of sunning by 
cowbirds were observed. 
As with cowbirds, blackbirds and grackles have apparently adapted 
to seasonal, caterpillar outbreaks in southwestern Puerto Rico. Recent 
caterpillar outbreaks are,probably related to an abundance of new plant 
hosts associated with habitat changes. Mesquite and associated exotic 
grasses have replaced much of the orginal, native savannahs. Although 
exotic, mesquite is probably compatible with the native ucar, and 
should be protected and managed to benefit the endangered blackbird. 
xv 
INTRODUCTION 
The Shiny Cowbird (Molothrus bonariensis)• a general brood 
parasite native to South America, Trinidad, and Tobago, has rapidly 
expanded its range northwest through the Lesser and Greater Antilles, 
(Danforth 1932; Bond 1946, 1956, 1961, 1964, 1966, 1967, 1971, 1973, 
1976, 1977, 1984; Grayce 1957; Biaggii 1963; Robertson 1962; Buckley 
and Buckley 1970; Ricklefs and Cox 1972; Post and Wiley 1977a; A.O.U. 
1983; Arendt and Vargas-Mora 1984; Cruz et al. 1985), and has recently 
reached North America (Smith and Sprunt 1987, Imhof 1989, Langridge 
1989, Ogden 1989). As with the Brown-headed Cowbird (Molothrus ater) 
(Mayfield 1961, 1965; Rothstein et al. 1980; Brittingham and Temple 
1983; Verner and Ritter 1983) and Brewer's Blackbird (Euphaaus 
cynanocephalus) (Walkinshaw and Zimmerman 1961, Stepney and Power 1973) 
in North America, the recent, accelerated range expansion of the Shiny 
Cowbird has been attributed to land clearing and associated 
agricultural and animal husbandry practices (Friedmann 1929, Diamond 
1973, Post and Wiley 1977b, Arendt and Vargas-Mora 1984, Friedmann and 
Kiff 1985, Cavalcanti and Pimentel 1988). 
Because the avifauna of the West Indian islands have evolved in 
the absence of any brood parasite, they have not developed defense 
mechanisms against brood parasitism (Friedmann 1971, Cruz et al. 1985, 
Wiley 1985b). Consequently, the Shiny Cowbird has been implicated in 
the decline of many Caribbean species (Post and Wiley 1977b, Post 1981, 
Wiley 1985b, Cruz et al. 1985, Cruz and Wiley 1989). 
The Yellow-shouldered Blackbird (AaelaiuB xanthomus) is endemic to 
1 
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Puerto Rico and is primarily restricted to Hona Island and 
southwestern Puerto Rico (A.0.U. 1983). Prior to hurricane Hugo of 
1989, a small population of 15-20 birds existed near Ceiba on the 
southeastern end of the island (Post and Wiley 1976). Host of this 
population apparently perished during the hurricane (A.O.U. 1989). 
Between the late 1800's and ca. 1940, the species was considered 
abundant and was widespread throughout the island (Taylor 1864; 
Wetmore 1916, 1927; Danforth 1931, 1936). Post and Wiley (1976) 
believed that the bird was still common and widespread in Puerto Rico 
as late as the 1940's. Although no research or observations were 
taken on the Yellow-shouldered Blackbird between 1940 and 1972, many 
researchers believe that the population declined steadily during this 
period (Post and Wiley 1976, 1977a, 1977b; Post 1981; Cruz et al. 
1985; Wiley 1985b). Post and Wiley (1976) estimated the world 
population of Yellow-shouldered Blackbirds in 1976 at 2,400 individ­
uals (2,000 in coastal southwestern Puerto Rico, 200 in coastal 
southeastern Puerto Rico, and 200 on Hona Island). By April 1982, the 
population was estimated at 720 individuals (U.S. Fish and Wildlife 
Service 1983). In 1976, the U.S. Fish and Wildlife Service listed the 
Yellow-shouldered Blackbird as an endangered species and critical 
habitat was established (U.S. Fish and Wildlife Service 1976). A 
recovery plan was written for the species in 1983 (U.S. Fish and 
Wildlife Service 1983). 
Post and Wiley (1976) investigated the decline of the 
Yellow-shoulderd Blackbird and listed six probable factors leading to 
the precipitous decline in the species' numbers. These were: 1) 
3 
reduction in feeding habitat due to an increase in monoculture prac­
tices by island farmers, 2) reduction in mangrove CRhizorphora mangle 
L., Laauncularia racemosa < L.), Avicennia oerminans (L.) L.] nesting 
areas, 3) introduction of harmful pests (primarily rats--Rattus rattus 
and R. norveaicus. and small Indian mongoose--Herpestes lavanicus) into 
lowland Puerto Rico, 4) range expansion and increase in numbers of the 
Pearly-eyed ThraBher (Maroarops fuscatus) in southeastern Puerto Rico, 
5) as much as 18.7% of the population of Yellov-shouldered Blackbirds 
being infected by Fowl Pox, and 6) range expansion and increase in 
numbers of the Shiny Cowbird into breeding areas of the Yellow-
shouldered Blackbird. Most researchers agreed that the Shiny Cowbird 
was the main cause for the decline of the Yellow-shouldered Blackbird 
in Puerto Rico (Post and Wiley 1976, 1977a, 1977b, Post 1981, U.S. Fish 
and Wildlife Service 1983, Cruz et al. 1985, Wiley 1985a,b). 
The Shiny Cowbird is now one of the most common species in lowland 
Puerto Rico (U.S. Fish and Wildlife Service 1983) and the endangered 
Yellow-shouldered Blackbird is one of the main host species for the 
cowbird. Brood parasitism of Yellow-shouldered Blackbirds by Shiny 
Cowbirds has been reported as high as 94.2% by Cruz et al. (1985) and 
95'/. by Wiley (1985b). Although Shiny Cowbirds are considered as 
extreme host generalists (Friedmann et al. 1977; Friedmann and Kiff 
1985; Mason 1986a, 1986b; Wiley 1988), primary host species can remain 
heavily parasitized even when their numbers are greatly reduced and 
considered rare (Wiley 1985b). Thus, continued parasitism by a brood 
parasite can cause local depression and even extinction of host species 
(Wiley 1985b). Populations of the endangered Kirtland's Warbler 
4 
(Dgndroica kirtlandii) in Michigan declined dangerously after continued 
parasitism by the Brown-headed Cowbird (Mayfield I960, 1965, 1972, 
1973, 1975, 1977, 1978; Walkinshaw 1983). The Shiny Cowbird has also 
had an extreme depressive effect on the reproductive success of other 
host species including Rufous-collared Sparrow (Zonotrichia capenBis) 
in Argentina (King 1973, Fraga 1978), Yellow Warbler (Dendroica 
petechia) in Barbados (Bond 1966), and the House Wren (Troglodytes 
aedon) on Grenada (Bond 1971). In Puerto Rico, Wiley (1982a, 1985a) 
reported that species whose nests were parasitized by Shiny Cowbirds 
hatched 12"/. fewer eggs and fledged 67% fewer of their own chicks than 
non-parasitized pairs. 
Although Post and Wiley (1976) concluded that there was "probably 
nothing that could be done to control the cowbird," they believed that 
certain management practices could be used to reduce its impact on the 
Yellow-shouldered Blackbird. Removal of cowbirds from blackbird 
breeding areas is one effective method used to enhance the reproductive 
success of blackbirds (Wiley 1982b, U.S. Fish and Wildlife Service 
1983). Wiley (1985a) stated that "at present, cowbird control appears 
to be the most effective management tool for the recovery of 
parasitized avian populations." In North America, the removal of 
Brown-headed Cowbirds from breeding areas of the endangered Kirtland's 
Warbler has been helpful in reversing downward trends for the warbler 
(Mayfield 1973, 1977, 1978; Shake and Mattsson 1975; Anderson and 
Storer 1976; Kelly and DeCapita 1982; Walkinshaw 1983). 
In Puerto Rico, information on the habitat use, movements, and 
behavior of Shiny Cowbirds could be useful in modifying existing 
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covbird removal programs. The objectives of this study were: 1) to 
obtain information on habitat use, movements, and foraging behavior of 
Shiny Cowblrds, 2) to identify concentration areas of foraging Shiny 
Covbirds, 3) to locate flocks of Shiny Covbirds and to assess the 
association of this species with Greater Antillean Grackles and 
Yellov-shouldered Blackbirds, 4) to conduct behavioral observations of 
Shiny Cowblrds and develop activity budgets, 5) to assess the appro­
priateness of using patagial markers for monitoring habitat use and 
movements of Shiny Cowblrds, and 6) to provide management 
recommendations. 
DESCRIPTION OF THE STUDY AREA 
The study was conducted in southwestern Puerto Rico and extended 
from the Cabo Rojo National Wildlife Refuge northwest to Boqueron, east 
to Lajas, southwest to Parguera and Papayo Salinas, and west to the 
Cabo Rojo lighthouse (Fig. 1). This area includes approximately 160 
2 
km , or ca. 16,000 hectares. 
Because of constant land-clearing practices for pasture, 
agricultural crops, and urban development, the vegetational and 
ecological zones of southwestern Puerto Rico have changed significantly 
(Liogier and Martorell 1982) since the discussions of Gleason and Cook 
(1927), Cook and Gleason (1928), Garcia-Molinari (1952), and Ewel and 
Whitmore (1973). Southwestern Puerto Rico experiences the highest 
average temperature and lowest average precipitation of any area on the 
island (Cook and Gleason 1928, Garcia-Molinari 1952, Ewel and Whitmore 
1973). Cook and Gleason (1928) designated this area as being 
"xerophytic," while Ewel and Whitmore (1973) described it as 
"subtropical dry forest." The vegetation on the southwestern end of 
the island is characteristic of such xeric conditions. Although little 
of the original forest remains in southwestern Puerto Rico, isolated 
pockets of native vegetation can still be found along "...the streams, 
fence rows, roadsides, and small thickets on rocky outcrops too steep 
for agriculture or pasture" (Cook and Gleason 1928:72). Because of the 
drastic changes in vegetational types and lack of descriptive analyses 
on the ecological zones of southwestern Puerto Rico since Gleason and 
Cook (1927), Cook and Gleason (1928), and Garcia-Molinari (1952), I 
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provide updated information here. Although Evel and Whitmore (1973) 
added to our knowledge of recent vegetational changes along the 
southern coast of Puerto Rico, the extreme southwestern coast and 
adjacent areas between Boqueron and LaParguera were not discussed. 
Southwestern Puerto Rico is currently characterized by a mosaic of 
nine vegetation types: 1) mangrove forests, 2) salt flats, 3) mesquite 
and semi-evergreen woodland, 4) littoral woodland (Beard 1944, 1955) or 
beach thickets, 5) coastal scrub or thorn woodland, S) deciduous 
woodland, 7) dry and wet pasture, 8) agriculture, and 9) residential 
and roadside ornamentals. Major plant species often vary within 
habitat types where soil types and available moisture differ, and where 
grazing intensities are dissimilar. When appropriate, I discuss these 
variations in plant composition. Unless otherwise stated, nomenclature 
of plants follows Liogier and Martorell (1982). 
Mangrove Forests and Adiacent Salt Flats 
Mangrove forests extend from Boqueron to Papayo Salinas along 
coastal bays and offshore cays. Major species are red mangrove 
(Rhizophora mangle L.), white mangrove rLaguncularia racemosa (L. ) 
Gaertn. f.], black mangrove [Avicennia germinans (L.) L. ] and button 
mangrove (Conocarpus erectus L.). Directly inland from the mangrove 
swamps are highly saline salt flats composed mostly of a ground cover 
of Batis maritima L. and Sesuvium portulacastrum L., with scattered 
patches of Heliotropium curaBsavicum L., white mangrove, black 
mangrove, Pgrtylaga ouadrifida L., Sporobolus virainicuB (L.) Kunth, 
ChJ,QriS inflaU Link, Salicornia bioelovii Torrey, and Bouteloua 
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americana (L.f.) Scribn. 
Mesquite Woodland/Semi-evergreen Forest 
An area extending inland from the salt flats to the base of the 
Sierra Bermeja and Penones de Melones mountain ranges was formerly 
designated by Cook and Gleason (192B) as an ucar (Bucida buseras L.) 
climax forest and a grass savannah by Garcia-Molinari (1952). Because 
of land clearing for agriculture and pasture, this area is now 
dominated primarily by an overstory of mesquite (Prosopis pallida H. & 
3. ex Willd.) HBK. , interspersed with ucar, guayacan (Guaiacum 
officinale L.), tamarind (Tamarindus indicus L.), Pithecellobium dulce 
(Roxb. > Benth., Leucaena leucocephala (Lam.) de Wit, and Pisonia albida 
(Heimerl) Britton ex Standi. In many areas the understory is dominated 
by grasses such as CenchrmB ciliaris L., Bothriochloa pertusa (L.) A. 
Camus, Panicum maximum L., or Dichanthium annulatum (Forssk.) Stapf. 
Common understory shrubs and herbaceous plants include Lantana 
involucrata L., Cordia plobosa (Jacq.) HBK. var. humilis (Jacq.) I.M. 
Johnst., Cordia stenoohvlla Alain, Castela erecta Turp., Solanum 
pgreicifolimn Dunal, Clengme Stenophvlla Klotzsch, Achvranthes aspera 
L. var. agpera, Heliotropiuro anqiosoermum Hurray, Acalvpha ostvrifolia 
Ridd., PeBmanthua virgatus (L.) Willd., Bouchea prismatica (L.) Kuntze, 
Sida abutifolia Mill.. Wissadula amplisBima (L.) R.E. Fries, Croton 
lobatug L., Portulaca auadrif ida L.. Ruellia tuberosa L.. Capraria 
biflora L., and Qpuntia repens Bello. Common vines within this habitat 
include Tournefortia volubilis L., Commicarpus scandens (L.) Standi., 




Additional overstory species found along washes within mesquite 
woodland/semi-evergreen forest include Albizia lebbeck (L.) Benth, 
Crescentia cuiete L., Tabebuia heterophvlla (DC.) Britton, Swietenia 
mahaaoni Jacq., Bauhinia ffiPnantfrfl Kurz, and PiBcidia carthaqenensis 
Jacq. AIBO included in the understory are Lantana camara L., Acacia 
famgsigng (L. ) Willd., Jatroph? aossvpifolia L., Ayenia insulicola 
Cristobal, Datura stramonium L., Bromelia pinquin L., Setaria rariflora 
Mikan, and Brachiaria echinulata (Mez) Parodi. Vines such as Acacia 
retusa (Jacq.) Howard, and Macfadvena unauis-cati (L.) A. Gentry are 
also present. 
At Boqueron, additional overstory species within the habitat 
include CfiEQJaL tlUCifera L., Cflidia. laevigata Lam., and Stahlia 
monospernia (Tul.) Urban, while Sporobolus lacquemontii Kunth, and 
Brachiaria subquadripara (Trin.) Hitchc. are major understory grasses. 
Near La Parguera, additional, important overstory species are 
Crescentia linearifolia Miers, Adelia ricinella L., and Randia aculeata 
L., while Pictetia aculeata (Vahl) Urban, CateBbaea parviflora Sw.. and 
the cacti PilQSPCereug royenii <L.> Byles & Rowley, ConBolea rubescens 
(Salm-Dyck) Lem., and MelocactuB intortus (Miller) Urban, are major 
components of the understory. 
Littoral Woodland (Beach Thickets) 
A strip of deep, beach sand extends from Bahia Sucia west to near 
the town of El Combate. Cook and Gleason (1928) designated this area 
as a "coastal thicket" and Beard (1944, 1955) described such habitat as 
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"littoral woodland." Near the beach major plants are Ipomoea 
pes-caprae (L.) R.Br. ssp. brasiliensis (L.) von Oostr., and Spartina 
patens (Ait.) Muhl. 
Farther inland, major overstory trees include Coccoloba uvifera 
(L.) C., Pisonia albida. Coccoloba diversifolia Jacq.. Kruqiodendron 
ferrgvin (Vahl) Urban, Rochefortia acanthoohora (DC.) Griseb., Randia 
aculeata. Colubrina arborescens (Miller) Sarg., Jacauinia arborea Vahl. 
Clerodendrum aculeatum L., Ervthoxvlum areolatum L., Erithalis 
fruUCQga L., Canella winterana (L.) Gaertn., PiBcidia carthaaenensis. 
and an occasional ucar, guayacan, or mesquite. Important understory 
plants include Pithecellobium unguis-cati (Mart.) DC., Argythamnia 
candicans Sv., Bunelia ovata (Lam.) A. DC., Amvris elimifera L., 
Capparis cynophallophora L., Tabebuia heterophylla. Lantana involucrata 
L., Gossvpium hirsutum var. marie-galante (Watt) J. B. Hutchinson, 
Helicteres jamaicengie Jacq., Catesbaea parvifolia. Conocarpus eregtua, 
Crpssopetalmn rhacgma Crantz, Eugenia maleolens Pers., CrotPH lUCidUS 
L., Croton discolor Willd., Sida abutifolia. Portulaca halimoides L., 
Ernodea littoralis Sv., Urechites lutea (L.) Britton, Fimbristvlis 
R. Br. ssp. BPathacea (Roth) T. Koyama, Capraria biflora. 
Suriana IPariUma L., Batis maritima L. Bromelia pinguin L.. Aristida 
adscensionis L.. Bouteloua americana (L.f.) Scribn., Sporobolus 
VirginiCVS, Chloris radiata. and Mariscus planifolius (L.C. Rich) 
Urban. PilosocereuB royeni. Qpuntia dillenii (Ker-Gawl.) Haw., Qpuntia 
rgpene> and LeptocereuB auadricostatus (Bello) Britton & Rose are 
common understory cacti. 
13 
Coastal Scrub or Thorn Woodland 
Some of the land between areas adjacent to the Pitahaya Roost and 
La Parguera Is dominated by thick, coastal scrub. Such habitat was 
designated as cactus scrub or thorn woodland by Beard (1944). Dominant 
overstory trees associated with this habitat are Bursera simaruba (L. ) 
(L.) Sarg., and Pisonia albida. with a few scattered Plumeria alba L., 
ucar, guayacan, and mesquite. Characteristic understory shrubs include 
Lantana involucrata. Croton discolor. Melochia tomentosa L., and Croton 
betvlinus Vahl, while common cacti are Pilosocereus royenii. 
Leotocereus auadricostatus. Hvlocereus triponus (Haw.) Safford, 
Cgnsplea rubeBcens. and Opuntia dillenii. The grasses Chloris inflata 
and Sporobolus pyramidatus are common within the few scattered 
openings. 
Toward Punta Molina, near Bahia Sucia, small pockets of limestone 
can be found within the coastal scrub. In such habitat, ucar, 
mesquite, Pisonia albida. Tabebuia heterophvlla. Guapira discolor 
(Sprengel) Little, and Crescentia cuiete. are the major overstory 
species, while the understory is dominated by Lantana involucrata. 
Weclglia lanceolata DC., Croton discolor. Croton lucidus. Melochia 
tamenfrpga. Melochia ovramidata L.. Turnera diffusa Willd.. CaBtela 
erecta. Adfilia ricinella, Pithecellobium unguis-cati. Pictetia 
acwleata. Cordia Btenophvlla. Cordia plobosa var. humilis. Guaiacum 
sanctun L., Amvris elemifera. Exostema caribaeum (Jacq.) Schult. in L., 
Rauvolfia yjritiis Willd. ex Roem. & Schult., Tephrosia senna HBK., 
Ruellia tuberosa. Hibiscus phoeniceus Jaca.. Krameria ixina L. • 
HeUgtrPPiVTH ang4p8per?nv"n> Achvranthea aspera L. var. aspera. Rivina 
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humiliB L., Qpuntia esssqb, Bouteloua repens (HBK.) Scribn. & Ilerr., 
Setaria utowanaea (Scribn.) Pilger, Mollupo verticillata L., Clenome 
stengphylla, SiphoaQBloaaa sessilia (Jacq.) Gibson, Svnedrella 
nodiflora (L.) Gaertn., Petiveria alliacea L., and Soermacoce confusa 
Rindle & Gillis. Important species of vines in this zone are 
Tpumefprtia yplubilis, Stiqmaphvllon periplocifolium. Celosia nitida 
Vahl, and CommicarpuB scandens. 
Deciduous Woodland 
Major trees in the deciduous woodland habitat type are ucar, 
Bureera 8iniarwba> PiBPnia albida. Clusia rosea Jacq., Thouinia 
pprtpricensis Radk., Bourreria succulenta Jacq., Rauvolfia nitida. 
ZiziphUB reticulata (Vahl) DC., Colubrina arborescens. Colubrina 
elliotica (Sw.) Briz. & Stern, Zanthoxylum martinicense (Lam.) DC., 
ZanthOXylMffl monophvllum (Lam.) P. Wilson, Ervthroxvlum areolatum L., 
Guazuma Ulmifolia Lam., Coccoloba diversifolia Jacq, and an occasional 
guayacan. Common understory species are Amvris elemifera. Bauhinia 
monandra, Guaiacum sanctum, Pictetia acuieata. oiyra latifolia L.,  
Lasiacis divaricata (L.) Hitchc., and Leersia monandra Sv. Important 
vines in this habitat include Acacia retusa. Macfadyena unguis-cati. 
and Tragia volubilis L., while common cacti are Hvlocereus triaonus and 
Leotocereus auadricostatus. 
Some windswept summits of deciduous woodland near La Parguera are 
dominated by LeptochloopsiB virgata (Poir.) Yates, Croton discolor, and 
Lantana involucrata. 
The upper slopes of the Sierra Bermeja are dominated by Thrinax 
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morrisii H. Wendl., Myrciaria florldbunda (West ex Willd.) Berg., 
Hymenaea courbaril L., Guapira fraprana Dum.-Cours.) Little, 
PilPBPCereug rpyenil, Melocactus intortus. Croton discolor. Lantana 
invplucrata> Wedelia lanceolata. Piptocgma antillana Urban, Pictetia 
aculeata. while important understory grasses include Aristida chaseae 
Hitchc., Aristida portoricenBis Pilger, Bouteloua repenB. and scattered 
patches of Diqitaria eggersii (Hack. ) Henrard (HcKenzie et al. 1989). 
Drv and Wet Pastures 
Dry pastures are dominated by the grasses Cenchrus ciliaris. 
Bothriochlpa pgrtvpa> Dichanthium annulatum. Panicum maximum. 
Spprpfrglws pyramidatygf Piditaria decumbenB Stent, Brachiaria 
8Wbquadripara> Cynodon dactylon <L.) Pers., Cvnodon nlemfuensis 
Vanderhyst, Diaitaria bicornis (Lam.) Roem. & Schult., and Heteropooon 
contortus (L.) Beauv. ex Roem. & Schult. Main species of grasses 
associated with wet pastures include Panicum maximum. Paspalum virqatum 
L., Paspalum millegrana Schrad, Eriochloa polvstachya HBK., Brachiaria 
purpurascens (Raddi) Henr., and Paspalum notatum Flugge. 
AgricvUwre 
Major crops in southwestern Puerto Rico include sugar cane, 
pineapple, melon, eggplant, pumpkin, avocado, papaya, cucumber, yucca, 
and peppers. Rice culture is not a major crop and is limited to the 
Lajas Experiment Station. 
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Residential and Roadside Ornamentals 
Ornamentals are commonly planted along roadsides and at residences 
in southwestern Puerto Rico. Common species include Cocos nucifera. 
Delonix zsaia. (Bojer ex Hook. ) Raf., Aibizia lebbeck. Albizia Drocera 
(Roxb.) Benth., Annona. muricata l., Tamarindus indicus. Pithecellobimn 
saman (Jaca.) Benth., Maanifera indica L.. Spathodea campanulata 
Beauv., Gtiazuma VllHtifPlla, and Peltophorum pterocarpum (DC.) Back. & 
Heyna. 
LITERATURE REVIEW 
Shiny Cowbirds, Yellow-shouldered Blackbirds and Greater Antillean 
Grackles (Quiscaius niaer) are common in southwestern Puerto Rico and 
share communal roosts (Post and Post 1987). A historical review of 
habitat changes and the benefits of flocking and communal roosts in 
southwestern Puerto Rico could provide insight into the evolution of 
mixed-species flocks of icterids there. Although a number of studies 
have been conducted assessing the reproductive interactions of 
blackbirds and cowbirds (e.g. Post and Wiley 1976, 1977a, b; Wiley 
1985; Cruz et al. 1985), few studies have examined the foraging 
associations of the three species in mixed-species flocks. 
Habitat Changes 
Much of southwestern Puerto Rico was formerly classified as an 
ucar climax forest or grassland savannah that was characterized by an 
overstory of ucar with an understory of native grasses (Cook and 
Gleason 1928, Garcia-Molinari 1952). Because of land clearing for 
agriculture and grazing, much of the native vegetation was replaced 
with introduced species, especially mesquite and the exotic grasses 
found in the understory of this habitat (Garcia-Molinari 1952, Liogier 
and Martorell 1982, Little and Wadsworth 1989). Although ucar is still 
common in southern Puerto Rico (Little and Wadsworth 1989), it is 
probably currently less abundant than it was formerly. A brief, 
historical examination of the introduction and range expansion of 
mesquite and exotic grasses in Puerto Rico is essential to an 
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understanding of habitat changes on the southwestern end of the island. 
Little and Wadsworth (1989) briefly discussed the introduction of 
mesquite into Puerto Rico and stated that its range, "including its 
geographic varieties"... was "from southwestern United States (Texas to 
Kansas, Utah, and California) south through Mexico and Central America 
to Colombia and Venezuela and perhaps naturalized southward." Burkart 
(1976 a,b) however, determined that the species was native to the 
western, dry parts of Colombia, Ecuador, and Peru, and stated that it 
had been introduced in Puerto Rico, the Hawaiian Islands, the 
Marquesas, and in parts of Brazil, India, and Australia. 
Although mesquite is not native to Puerto Rico, it is now common 
in southwestern Puerto Rico (Little and Wadsworth 1989). Mesquite was 
introduced ca. 1600, as a source of railroad cross ties for the now 
defunct railroad in Puerto Rico. The species rapidly spread in 
savannahs, pastures, and abandoned agriculture fields. 
Although Humphrey (1949) believed that elimination of natural 
periodic fires was the most important factor responsible for the spread 
of mesquite in the southwestern United States, Fisher (1977) suggested 
that the expansion was due to the "rapid influx of large numbers of 
grazing animals." Cattle readily eat the nutritious pods (Fisher et 
al. 1959, Fisher 1977, Mooney et al. 1977). The seeds remain viable 
for a long time (Martin 1948), and they germinate readily after passing 
through the digestive tract of most grazing animals (Fisher et al. 
1959, Haas et al. 1973). Haas et al. (1973) reported that mesquite 
seed that had passed through the alimentary canals of livestock had a 
higher germination rate than those that had not. Therefore, livestock 
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represent a dispersal agent; cattle were probably responsible for the 
expansion of mesquite in Puerto Rico (Little and Wadsvorth 1964, 1969). 
Mesquite is presently used in Puerto Rico for charcoal and fence 
posts and is an important commodity in the southwestern corner of the 
island. Fisher et al. (1959) reported that mesquite was formerly used 
for fuel, charcoal, and fence posts in Texas. Because of its value for 
ornament, shelter in arid conditions, timber, fuel, and forage 
(fruits), Burkart (1976b) concluded that mesquite "must be encouraged 
in other warm and dry countries. " In Hawaii, Hosaka and Ripperton 
(1944) considered mesquite to be "the most valuable tree in the 
Territory. " 
Most species of grasses that are the major ground cover in 
mesquite woodland are also not native to Puerto Rico, but were 
introduced as experimental forage grasses. These include Guinea grass 
(Panicum maximum), saline buffel grass (Cenchrus ciliaris). angleton 
blue stem (Dichanthium annulatum). and hurricane grass <Bothriochloa 
pertusa). Based on Colon's (1930:284) report, Alberts and Garcia-
Molinari (1943) stated that Guinea grass was "first introduced at 
Arroyo on the south side of the island early in the sixteenth century 
from seed that was in straw that was used for bedding of the human 
cargo of a slave ship that came directly from Africa." Roberts (1948), 
however, indicated that Guinea grass was introduced into Puerto Rico 
from Africa as early as the 15th century. By 1948, pastures in 
southwestern Puerto Rico were so dominated by Guinea grass that areas 
covered by this grass were desginated as the "Great Plains" of Puerto 
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Rico (Roberts 1948). Liogier and Nartorell (1982:204) indicated that 
the grass was "very common in fields and banks at lover and higher 
elevations." 
Although hurricane grass vas not reported as being present on the 
island by Britton & Wilson (1924), or Cook and Gleason (1928), Alberts 
and Garcia-Molinari (1943) listed the species as a pasture grass for 
Puerto Rico and indicated that cattle found the foliage unpalatable. 
By 1982 the grass had become so common in southern Puerto Rico that 
Liogier and Martorell (1982:195) described the species as being 
"abundant in fields and waste grounds at lover and middle elevations." 
When Britton & Wilson (1924) wrote their Flora of Puerto Rico, only one 
locality vas knovn for saline buffel grass and angleton blue stem. In 
their ecological survey of the island, Cook and Gleason (1928) did not 
mention either grass as being components of the understory for habitats 
along the southern coast. By 1943, hovever, angleton blue stem had 
become an important pasture grass along the south-central coast 
(Alberts & Garcia-Molinari 1943), and by 1952 Garcia-Molinari (1952) 
reported that the species covered an area of "several thousand acres 
from Juan Diaz to Coamo and Santa Isabel." Additionally, 
Garcia-Molinari (1952) stated that Dichanthium annulatum had overtaken 
many areas formerly occupied by Guinea grass and Chloris inflata. (a 
native species that vas a part of the ucar climax forest near the 
coast). 
By 1943, saline buffel grass vas an important pasture grass in the 
"savanna region on the south side of the island" (Alberts and 
Garcia-Molinari 1943). Although Liogier and Martorell (1982:196) 
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described the range of saline buffel grass as "on dry limestone hills 
and roadsides in southern Puerto," they provided no information on the 
abundance of the species there. Currently, saline buffel grass (Fig. 
2) is the dominant grass in the understory of mesquite woodland between 
Corozo and La Parguera, while hurricane grass and angleton blue stem 
are the dominant species in many open and heavily grazed pastures. 
Guinea grass is presently abundant in many pastures, hillsides, 
roadsides, and along most washes and streams, especially inland from 
the southwestern coast where higher rainfall enables this species to 
out compete saline buffel grass, angleton blue stem, and hurricane 
grass. 
The current open to semi-open character of mesquite woodland in 
southwestern Puerto Rico probably approximates the original ucar climax 
forest and grassland savanna. Grazing is common in mesquite woodland 
and probably helps maintain the savanna-like character of this habitat. 
The open nature of mesquite woodland could enable mixed-species flocks 
of foraging icterids to spot predators and realize other benefits from 
such associations. 
Benefits of Flocking and Communal Roosting 
The benefits of flocking have been long debated. Powell (1985) 
reviewed the sociobiology of mixed-species flocks and tested hypotheses 
concerning the adaptive significance of flocking. Based on analyses of 
spatial use and foraging niche characteristics of flocking species, 
Powell concluded that a decrease in the likelihood of predation was a 
major function of mixed-species associations. Other authors have 
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Figure 2. CenchiTV8 Ciliarig in flower, southwestern Puerto Rico, 1988. 
23 
supported the view that protection from predators was probably the main 
benefit of flocking (Croze 1970, Morse 1970, Vine 1971, Willis 1972, 
Page and Whitacre 1975, Trusman 1975, MacDonald 1977, Kenvard 1978, 
Abramson 1979, and Orians 1985). Allee (1938) suggested that flocks 
under attack benefited from a "confusion effect" when they moved in 
concert, because the grouping and flocking behavior of the prey made it 
difficult for predators to single out an individual. Tinbergen (1953) 
indicated that European Starlings (Sturnus vulgaris) that flew in large 
flocks had definite survival advantages against flying raptors. 
Rudebeck (1950) compared the relative success of Eurasian 
Sparrowhawks (Accipiter nisus) attacking single versus flocked prey and 
found that the success in capturing lone birds was higher than with 
flock members. Hoynihan (1962) and Powell (1985) hypothesized that 
the presence of birds in flocks could discourage predators. 
Icterids foraging together in a large mixed-species flock are 
probably wary and constantly on the lookout for predators. Verbeek 
(1964) noted that flocks of Brewer Blackbirds (Euphagus cvnanocephalus) 
were constantly on the alert and would flush due to sudden loud noises 
or the "sudden appearance of a moving object." Verbeek (1972) observed 
Yellow-billed Magpies (Pica nuttalli) feeding in grassland and stated 
that the birds would frequently "flee to nearby trees in response to 
predators or to alarm calls from other birds," and added that this 
behavior resulted in an "intermittent pattern of feeding, flying, and 
resting. " 
Although protection from predators may be a major benefit of social 
foraging, other factors could be important to the formation of such 
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flocks. Horse <1970) suggested that a "more important explanation" for 
the advantages gained by mixed-species, foraging flocks was the 
ability of such species "to exploit available resources in a maximally 
effective manner, given that other species with overlapping spectra of 
habitat utilization" were "present and utilizing common resources." In 
other words, individuals in mixed-species flocks would realize 
improvements in foraging efficiency (e.g., Rand 1954, Cody 1971, Austin 
and Smith 1972, Hoffman et al. 1981, Grubb 1987). Others have 
advocated that the main benefit of flocking was a combination of 
increased foraging efficiency and increased protection from predators 
(Morse 1977, Abramson 1979). Herrera (1979) asserted that the foraging 
success of birds foraging in flocks was greater than birds foraging 
alone. Additional theories have been proposed to explain the 
significance of social foraging. One theory is that birds learn the 
location of food sources by seeing groups of foraging individuals at 
concentrated food patches. This "local enhancement" (Thorpe 1956:32, 
Hinde 1961) is common among many colonial species that forage in flocks 
(Crook 1965, Ward 1965, Turner 1965, Krebs et al. 1972, Krebs 1974, 
Kushlan 1977, Andersson et al. 1981, Caldwell 1981). 
Several authors have advocated that social or observational 
learning (Alcock 1969a,b) of food sources is likely to be an important 
advantage of flocking in those birds whose food occurs in localized 
patches and was abundant within the patches (Crook 1965, Ward 1965, 
Zahavi 1971). When foraging in inter- and intra-specific flocks, flock 
members often choose foods that other birds in the flock are choosing 
or alter their feeding behavior (Murton 1971a, Williamson and Grey 
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1975, Greig-Smith 1978). Such "imitative foraging" (Greig-Smith 1978), 
where unsuccessful birds "copy" successful individuals, has been 
documented in several studies (e.g., Krebs et al. 1972; Murton 1971a, b; 
Duecker 1976, Mason and Reidinger 1981, 1982). Mason and Reidinger 
(1981) concluded that observational learning of new foods by Red-vinged 
Blackbirds foraging in flocks vas probably the reason this species 
could locate and exploit crops. Alcock (1973) experimented vith young 
Red-vinged Blackbirds and found that, through locational and visual 
cues, the birds could learn the location and type of food. Croze 
(1970) and Murton (1971a) suggested that crows and pigeons returned to 
locations where they found food in the past. Royama (1970/ believed 
that titmice exploited productive patches in their environment by 
searching for specific locations or backgrounds, rather than for 
specific visual cues possessed by the prey. 
Many authors have supported Ward and Zahavi's (1973) information 
center hypothesis that states that communal roosts serve as information 
centers where roosting birds disseminate information on the location of 
concentrated food sources (Horn 1968; Siegfried 1971; Krebs 1974; 
Houston 1976; Des Granges 1978; Custer and Osborn 1978; DeGroot 1980; 
Rabenold 1983; 1987a,b; Brown 1986; Gaston 1987; Greene 1987; Waltz 
1987; Vessem and Draulans 1987; Gori 1988). One of the main assump­
tions of the theory is that a transfer of information of the patchy 
food concentrations takes place between successful and unsuccessful 
birds (Hunt and Hunt 1976, Erwin 1978, Viksne and Janaus 1980). 
Unsuccessful birds then follow successful foragers from the roost or 
colony to good feeding areas on subsequent trips. The communication 
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necessary for the the transfer of such Information may be active (i.e., 
volitional: Ward and Zahavi 1973, Erwin 1977, Evans 1982) or passive 
(i.e., nonvolitional: Krebs 1974; 1978; Waltz 1982; 1987). 
Many have questioned the significance of the information center 
hypothesis (Swann 1975; Broom et al. 1976; Loman and Tamm 1980; Myers 
1980; Andersson et al. 1981; Fleming 1981; Bayer 1982; Evans 1982b, 
1983; Post 1982; Caccamise and Fischl 1985; Kiis and Mooler 1986; Mock 
et al. 1988; Hebblethvaite and Shields 1990). 
As discussed by Evans (1982b), another caveat of the information 
center hypothesis is that leader birds should be those individuals that 
were successful on their previous foraging trips. Evans (1982b) 
developed a flock formation model on the basis that "all birds are 
potential flock leaders, leadership-follower status being dependent 
only on the relationship between a bird's own departure time if acting 
alone, social attractions, and the time since preceding birds have left 
the colony or foraging site." Waltz (1983) supported Evans' (1982b) 
assertion that leaders associated with information centers are randomly 
selected and stated, "over time, individuals may be as likely to be 
leaders as followers, depending on fluctuations in particular food 
patches." 
The "assembly point hypothesis" of Evans (1982a) is an alternative 
to the information center hypothesis. It claims that colonies and 
roosts function as "assembly points, " where dispersed foragers reunite 
and thereby maintain local population densities at levels sufficient to 
facilitate group foraging. The assembly point hypothesis assumes that 
leaders and followers obtain benefits from leaving in flocks, and flock 
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leaders and followers are not necessarily determined by prior foraging 
success. Bayer (1982) postulated that flocks could result from social 
bonding between flock members that forage together and arrive or depart 
to and from a colony or a roost. 
The main purpose of communal roosts may also be the enhanced 
predator protection derived from physical characteristics of the roost 
site and/or the presence of roost mates (Hamilton 1971, Post 1982, 
Weatherhead 1983). Caccamise and Fischl (1985) believed that secondary 
species choose large communal roosts to minimize risks associated with 
the selection of roost sites. Pulliam (1973) suggested that predator 
protection alone could not be the reason birds gather in large communal 
roosts because such benefits were likely asymptotic with maximum 
benefits achieved at relatively small group sizes (i.e., <100). Some 
authors have suggested that more than one advantage was responsible for 
the evolution of communal roosting in birds (Crook 1965, Morse 1970, 
Lazarus 1972, Loman and Tamm 1980, Weatherhead 1983). Caccamise and 
Morrison (1986) postulated that major communal roosts were "aggrega­
tions of individuals selecting the roosting sites nearest rich food 
sources," and labelled this theory as a "patch sitting" hypothesis. 
METHODS AND MATERIALS 
Capture of Cowbirds and Marking Technique 
Shiny Covbirds were trapped on the Cabo Rojo National Wildlife 
Refuge (Fig. 1) using 3 "walk-in" traps modified from the designs 
developed by John F. Heisterberg, USDA/APHIS/ADC, Denver Wildlife 
Research Center, 334-15th St., Bowling Green, Kentucky, and Zajanc and 
Cummings (1965) (Fig. 3). The traps were provided with water and 
baited with commercially available parakeet seed. Live Shiny Cowbird 
decoys were used to attract other cowbirds into the trap. Each cowbird 
was banded with a U.S. Fish and Wildlife 5ervice aluminum leg band, and 
a patagial wing marker (after Kochert et al. 1983, Cummings 1987, 
Stromborg et al. 1988) was placed on the right patagium. Sex and age 
were recorded for each individual. Patalgial markers were constructed 
from water, heat, and chemical resistant polyethylene, vinyl laminate 
(Safety Flag Co. of America, P.O. Box 1005, Pawtucket, Rhode Island 
00862) (Fig. 4). Each marker was sequentially numbered with a black 
marking ink that was resistant to wear and weather (Allflex, G.C. 
Hanford Mfg. Co., P.O. Box 1017, Syracuse, N. Y. 13201). Markers were 
attached using a "Buttoneer II" fastener gun (Dennison Mfg. Co., 
Framingham, Mass. 01701) and nylerk fasteners (Buttoneer Fasteners, P.O. 
Box 557, Franklin, Mass. 02308) (Fig. 5). White tags were placed on 
males and red-orange tags on females (Fig. 4). 
Release and Relocation of Marked Cowbirds 
Marked birds were released at the capture site on the Cabo Rojo 
National Wildlife Refuge (see Apps. A, B for sex, age, leg band 
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Figure 3. Traps used for capturing Shiny Covbirds, southwestern 
Puerto Rico, 1987. The trap is about 1.5 in high. 
30 
Figure 4. Patalgial tags used in marking Shiny Covbirds, southvestern 
Puerto Rico, 1987. 
31 
Figure 5. Buttoneer Fastener narking gun (scale: 3 cm= ca. 15 cm) 
used for attaching patalgial tags, southwestern Puerto Rico, 1987. 
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numbers, patagial marker numbers, and release date for each marked 
bird) in 1987. 
Attempts were made to identify marked birds at known icterid 
roosts (Fig. 6) at dawn. Harked birds soon dispersed into different 
flocks and different roost sites after their release. Consequently, I 
rotated the days 1 followed flocks that had potentially marked 
individuals. As marked individuals left their respective roost, I 
obtained a compass bearing on their flight line and attempted to 
relocate these birds by walkinc in that direction and searching 
potential habitats equally. 
Data Collection 
Once a flock was located, I recorded information on marked birds 
as long as they remained in sight. To obtain information on habitat 
use and what food items cowbirds ate, I recorded sex, tag number, date, 
location, minutes of observation in a particular habitat, and the 
number of minutes marked cowbirds were observed foraging on a partic­
ular food item. Food items taken by marked cowbirds that could not be 
identified in the field were collected for later identification. Birds 
were observed through 10 X 40B binoculars or a 15-60X spotting scope. 
When flocks moved, I again took a compass bearing on their flight line 
and followed them, again searching all available habitats equally. I 
followed or searched for marked birds from daylight until dusk. Data 
were summed for weekly periods (31 May-6 June through 13-19 December) 
and equal effort was given within each period. 
Minutes of habitat use, minutes marked cowbirds foraged on a 
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Figure 6. Icterid roosts and concentration areas of Shiny Covbirds, 
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particular food item, and minutes for each weekly period were converted 
to percent. Subsets of individuals within a flock often acted 
independently. For example, some portions of a flock of foraging 
cowbirds constantly were flushing from the ground to the overstory 
directly above, and after resting for a few minutes, returned to the 
ground to forage. Subsets within a flock often remained in the 
overstory to rest and preen. Additionally, different subsets within a 
flock often foraged on different items. For example, in mesquite 
woodland during certain seasons, it was not uncommon to see one subset 
foraging on caterpillars found in the grass understory, another subset 
foraging on caterpillars found behind the bark and crevices of 
mesquite, and still another subset feeding on the berries of understory 
shrubs. To monitor differences in what prey items were eaten by each 
subset, marked birds served as focal individuals. The total time the 
flock spent foraging on different food items and the total time the 
flock spent on a particular activity was calculated by summing the time 
for each subset. To determine the amount of time the flock spent in a 
particular habitat, the total time in each habitat was summed for each 
hour. If different subsets within the flock were foraging on separate 
items during an hourly period, but the flock remained in that habitat, 
the total time of habitat use for the flock could not exceed 60 
minutes. For example, if during one hourly period in mesquite 
woodland, one subset foraged on the ground for 40 minutes and preened 
and rested for 20 minutes, and another subset foraged in mesquite for 
30 minutes, foraged in shrubs for 20 minutes, bathed for 1 minute, and 
preened and rested for 9 minutes, then the total time recorded for the 
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flock In mesquite woodland for that hour vas 60 minutes. 
Data were only collected for subsets and flocks that contained 
marked birds. Because of their movements and position in different 
vegetative types, it vas often impossible to read the tag numbers of 
all marked birds within a particular subset. Consequently, it vas 
impossible to statistically analyze individual habitat use or the time 
individuals spent foraging on different food items. Percentages, 
therefore, represent the habitat use and time spent foraging on 
different food items for covbird flocks within weekly periods. 
In my initial summarizations, I noted that habitat use by Shiny 
Cowbirds and vhat food they vere observed eating vere somevhat cyclic 
and appeared to reflect differences in rainfall received during the 
study period. Consequently, I used a Pearson correlation analysis and 
modeled the percent habitat use and the percent food items eaten by 
Shiny Cowbirds for a particular period as a function of rainfall prior 
to the observation period. In the analysis of the time cowbirds spent 
foraging on food items, I lumped those food items that probably became 
available to cowbirds following periods of rain (i.e., caterpillars, 
berries, and seeds). Analyses was weighted by the total time observed. 
Due to insufficient sample sizes, observations of 24-30 May, 16-22 
August, 23-29 August, 29 November-5 December, 6-12 December, and 13-19 
December were not included in the analyses. 
Unknown insect food items were collected, fixed in 10% formalin, 
and stored in 70% ethanol until identified. When cowbirds were 
observed eating the fruits of plants I could not identify in the field, 
I collected the fruits and subsequently identified the plants. 
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From my initial observations I concluded that caterpillars were 
important food items of Shiny Covbirds. I also observed the same 
caterpillars were often taken by Greater Antillean Grackles that 
frequently associated with covbirds. To confirm my field observations 
I examined stomach (proventrlculus and gizzard combined) contents of 
covbirds and grackles for the presence of caterpillars. These birds 
vere collected during fall 1987 and 1988. In 1987 (16-18 November), 
personnel of the Louisiana State University Museum of 
Natural Science, Baton Rouge, Louisiana, collected seven Shiny Covbirds 
on our study area. In 1988 (31 August-6 September), I collected 14 
covbirds and 38 grackles from mesquite voodland vhere caterpillar 
outbreaks vere observed. 
To identify concentration areas of foraging Shiny Covbirds, I 
plotted on a map locations that covbird flocks frequented throughout 
the study. A grouping of at least 50 covbirds vas arbitrarily chosen 
as being a large flock. When such flocks vere located, I recorded the 
associating species and the major food taken by flock members. I used 
a Fisher's exact probability test (Siegel 1956:96-101) to assess if 
there vas a relationship betveen members of a flock containing at least 
50 Shiny Covbirds and the major food items taken by flock members. 
Data on covbird activity budgets vere obtained by recording 
minutes marked covbirds vere observed foraging, resting and/or 
preening, and drinking and/or bathing. Resting and preening vere 
combined because it vas often impossible to separate the tvo 
activities. Additionally, because other activities (e.g., calling or 
singing) vere often done simultaneously vith others (e.g., resting or 
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preening), it was impossible to further delineate such activities. To 
monitor differences in activity budgets of Shiny Cowbird flocks during 
weekly periods, marked birds served as focal individuals. As with 
habitat use and the time cowbirds spent foraging on particular food 
items, the total time the flock spent performing a particular activity 
was calculated by summing the time for each subset within the flock. 
The total time cowbirds performed each activity was summed for each 
hour. Because of their movements and position in different vegetative 
types, it was often impossible to read the tag numbers of all marked 
birds within a particular subset. Consequently, it was impossible to 
compare the activity budgets of individual birds. Percentages, 
therefore, represent activity budgets for cowbird flocks within weekly 
periods. In addition to recording information on activity budgets, I 
recorded other facets of cowbird behavior during 1987 and 1988. 
To assess the effectiveness of using patagial markers I took notes 
on tag wear and loss and calculated the minimum time tags were retained 
on selected birds. Personnel of the Puerto Rican Department of Natural 
Resources occasionally trapped birds I had marked during an ongoing 
cowbird removal program. Before releasing marked birds, Department 
personnel recorded the trap location, and the sex and tag numbers of 
trapped individuals. This information was used for tag retention 
calculations. 
RESULTS AND DISCUSSION 
Habitat Use. Movements, and Foraging Behavior of Shiny Cowbird Flocks 
A total of 383 cowbirds was marked during the study (169 males and 
214 females). Habitat use and what food items cowbirds were observed 
eating varied somewhat among weekly periods and appeared to reflect 
differences in rainfall received on the study area prior to an 
observation period (Figs. 7, 8, 9; Apps. C, D). 
Throughout the study period, Shiny Cowbirds used mesquite woodland 
almost 75'/. of the time (Fig. 10; App. C). Use of mesquite woodland by 
Shiny Cowbirds was most correlated with total rainfall 2-5 weeks prior 
2 
to the observation (n=23, df=22, r =0.30, p=0.0067). Cowbirds used 3 
types of mesquite woodland: ungrazed. (occurring mainly on the Cabo 
Rojo National Wildlife Refuge), moderately grazed (Fig. 11), and 
heavily grazed (Fig. 12). As with habitat use, the time cowbirds spent 
eating caterpillars, berries, or seeds, were most correlated with total 
2 
rainfall 2-5 weeks prior to the observation (n=23, df=22, r =0.25, 
p=0.0149). 
I located Shiny Cowbirds in six major concentration areas 
(Fig. 6). Of these, 5 were in mesquite woodland: Cabo Rojo National 
Wildlife Refuge, proposed Voice of America site and adjacent woodland, 
land adjacent to the Puerto Rican Department of Natural Resources' 
Refugio de Aves (hereafter designated as the DNR refuge), woodland west 
of Boqueron, and areas adjacent to Papayo Salinas just ENE of La 
Parguera. The concentration area not in mesquite woodland was in 
littoral woodland south of Corozo (Fig. 6). 
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Figure 7. Habitat use by Shiny Covbirds (percent of observations), by 
weekly period, southwestern Puerto Rico, 31 Hay- 28 November 1987 
(n= 45,744 minutes; ca. 762 hrs.). Weekly periods correspond to 26 
periods consecutively numbered with week number one being the 31 Hay-

















Figure B. Prey items taken by Shiny Covbirds (percent of observation), 
by weekly period, southwestern Puerto Rico, 10 May- 28 November 1987 
(n= 29,298 minutes; ca. 488 hrs. ). Weekly periods correspond to 26 
periods consecutively numbered with week number one being the 31 May-
6 June 1987 period, and week number 26 being the 22-28 November 1987 
period. 
P e r c e n t  
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Figure 9. Weekly rainfall received on the Cabo Rojo National 
Wildlife Refuge, southwestern Puerto Rico, 1987. Weekly periods 
correspond to 30 periods consecutively numbered with week number one 
being the 3-9 May 1987 period, and week number 30 being the 
22-28 November 1987 period. 
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Figure 10. Habitat use by Shiny Covbirds (percent of observations), 
southwestern Puerto Rico, 1987 (n= 45,744 minutes; ca. 762 hrs.). 
Figure 11. Moderately grazed mesquite voodland used by Shiny 
Covbirds, southvestern Puerto Rico, 1987-1988. 
Figure 12. Heavily grazed mesquite woodland used by Shiny 
Covbirds, southwestern Puerto Rico, 1987-1988. 
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Throughout the study, covblrds foraged primarily on the 
caterpillar larvae of QflCifi. laUpgg. Helipotis ochrodes. Soodoptera 
Bpp., WelipotiB sp., HeliPthiB sp., and Anticarsia qemmatalis (Table 
1). They also vere observed foraging on berries (e.g., Cordia globoBa 
var. humiliB. and Tournefortia volubilis). and on seeds of grasses 
(e.g., Brachiaria subouadrioaria. ParuCWm ma«imMTn> Cenchrus ciliariB. 
and Brachiaria echinulata) (Table 1). 
Forty-five flocks containing at least 50 Shiny Covbirds vere 
located throughout the study (Table 2). When caterpillars vere the 
major prey item, Greater Antillean Grackles, and Yellov-shouldered 
Blackbirds often associated vith covbird flocks (Table 2). When there 
vere at least 50 covbirds in a flock and caterpillars vere the major 
prey item, grackles and blackbirds associated vith the flock more so 
than vould be expected by random chance (p<0.001). 
Habitat Use and Caterpillar Availability 
Habitat use by Shiny Covbirds vas apparently related to food 
availability, especially the availability of caterpillars. For 
example, covbirds used mesquite voodland for nine of the first ten 
periods and foraged primarily on caterpillars (Figs. 7, 8; Apps. C, D). 
The only exception to this pattern vas the use of littoral voodland by 
covbirds during the first period (31 May- 6 June: Fig. 7; App. C). Use 
of this habitat, hovever, waB apparently based on an outbreak of 
Helipotis sp. on fresh foliage of Pithecellobium unouis-cati. 
The availability of caterpillars vas apparently dependent on the 
Table 1. Species of caterpillar larvae, berries, and seeds (percent of total observations) 
eaten by Shiny Cowbirds, southwestern Puerto Rico, 1987 (n= 19,159 minutes; ca. 319 hrs.). 
Caterpillar larvae Seeds Berries 
Species Percent Species Percent Species Percent 
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MeliDotis so. 9 
Cenchrus 
ciliaris 11 Lantana spp. 7 
Unidentified spp. 7 
Brachiaria 
echinulata 10 Unknown <1 
Heliothis SD. 5 Cynodon dactylon <1 






Table 2. Composition of icterid flocks and prey items vhen flocks 
contained at least 50 Shiny Covbirds, southwestern 1 Puerto Rico, 
1987-1988 (n= 43). 
Number of Number of 
Number of Greater Yellov-
Shiny Antillean shouldered Prey 
Date Covbirds Grackles Blackbirds Item 
1997 
1 June 50 25 0 caterpillars 
2 June 100 25 0 caterpillars 
3 June 100 25 2 caterpillars 
4 June 50 25 0 caterpillars 
19 June 75 25 5 caterpillars 
20 June 100 30 5 caterpillars 
25 June 100 50 0 caterpillars 
26 June 100 50 0 caterpillars 
6 July 150 40 0 caterpillars 
8 July 50 30 15 caterpillars 
9 July 25 30 15 caterpillars 
10 July 300 300 30 caterpillars 
11 July 400 400 30 caterpillars 
15 July 200 50 0 caterpillars 
18 July 200 50 0 caterpillars 
19 July 400 50 4 caterpillars 
25 July 600 50 20 caterpillars 
27 July 500 50 20 caterpillars 
31 July 500 100 25 caterpillars 
4 Aug. 200 0 0 grass seeds 
5 Aug. 50 25 5 caterpillars 
2 Sep. 150 0 0 vaste grain 
3 Sep. 200 0 0 waste grain 
4 Sep. 150 0 0 vaste grain 
5 Sep. 100 0 0 vaste grain 
6 Sep. 100 0 0 vaste grain 
10 Sep. 200 0 0 vaste grain 
13 Sep. 75 200 15 caterpillars 
15 Sep. 100 50 10 caterpillars 
17 Sep. 100 75 15 caterpillars 
21 Sep. 200 100 5 caterpillars 
24 Sep. 300 100 5 caterpillars 
26 Sep. 300 200 15 caterpillars 
29 Sep. 500 300 5 caterpillars 
2 Oct. 300 200 15 caterpillars 
4 Oct. 1000 1000 25 caterpillars 
8 Oct. 300 500 30 caterpillars 
10 Oct. 500 700 50 caterpillars 
Table 2. Continued. 
Number of Number of 
Number of Greater Yellow-
Shiny Antillean shouldered Prey 
Date Cowbirds Grackles Blackbirds Item 
19B7 
12 Oct. 700 1200 100 caterpillars 
18 Oct. 50 1000 100 caterpillars 
20 Oct. 600 3000 300 caterpillars 
24 Oct. 100 300 50 caterpillars 
2 Nov. 75 0 0 waste grain 
1968 
3 Sep. 200 50 50 caterpillars 
7 Sep. 100 200 1 caterpillars 
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species of moth, the amount of rainfall, and the host plant. The 
caterpillars of fleUpoUs sp.' Heliothis sp., Anticarsia aemmatalis 
(Hubner), and Thecla simaethis (Drury) were seasonal and available for 
short periods. Although thousands of caterpillars of Melipotis sp. 
were associated with the infestation on Pithecellobium unauis-cati in 
littoral woodland during the 31 May- 6 June period, caterpillars were 
only available to cowbirds for 4 days. The second outbreak of 
Melipotis sp. occurred on Pithecellobium dulce in mesquite woodland 
west of Boqueron (Fig. 6) during the 4-10 October period and 
caterpillars were available for about 5 days. 
An outbreak of the "ucar" caterpillar (Heliothis sp.: Table 1) 
occurred on fresh foliage of Bucida buseras in mesquite woodland just 
north of the Pitahaya Roosts (Fig. 6) during 7-13 June, and cater­
pillars were available to cowbirds for 4 days. Some ucars were severly 
infested with caterpillars of Heliothis sp., while other trees were 
unaffected. 
The only observation of cowbirds foraging on larvae of Thecla 
simaethis (Family LYCAENIDAE) was in mesquite woodland on the Cabo Rojo 
National Wildlife Refuge, 2 October 1987. The host plant, ballon vine 
(CardiQBDermum halicacabum var. microcarpum (HBK.) Blume, was growing 
on a dessicated pond bottom with a thick overstory of Parkinsonia 
aculeata L. The larvae of this butterfly were foraging on the 
developing seeds within the ballon pod. 
Shiny Cowbirds were observed foraging on the larvae of the velvet 
bean caterpillar (Anticarala aemmatalis) during 1-7 and 8-14 November, 
just northeast of the Pitahaya Roosts. Larvae of this moth were 
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feeding on leaflets of Tephrosia cinerea (L.) Pers. 
Caterpillars of Hocis latipes (Figs. 13, 14, 15) and MeliootiB 
ochrodes (Fig. 16) were the most frequently prey observed taken by 
Shiny Covbirds and accounted for 53% and 24% of the observations, 
respectively (Table 1). 
Observational results were supported by the 1987 and 1988 stomach 
analyses (Tables 3-5). In 1987, 86% of the stomachs of Shiny Covbirds 
collected on the study area contained larvae of Melipotis ochrodes 
(Table 35). In 1988, 100% of the stomachs of Shiny Covbirds collected 
on the study area contained larvae or pupae of noctuid moths (Table 4: 
867. of the stomachs contained pupae or larvae of Mocis latipes and 14% 
contained larvae of Melipotis ochrodes). Additionally, in 1988, 82% of 
the stomachs of Greater Antillean Grackles contained larvae or pupae of 
noctuid moths (Table 5: 39% contained larvae or pupae of Hocis latipes 
and 77% contained larvae of Melipotis ochrodes). 
Melipotis ochrodes forages on the leaves of mesquite during the 
night and hides behind the bark and in crevices of mesquite during the 
day (Martorell 1975). Mocis latipes forages on the blades of various 
species of grasses (POACEAE), primarily CenchruB ciliaris. Panicum 
maximum, Bothriochloa pertusa> Chloris inflata. Sporobolus pyramidatus. 
CynodPIl dactylon, and Dichanthium annulatum (Martorell 1975; pers. 
obs.). 
The differences in the species composition of caterpillars in the 
stomachs of grackles and covbirds collected on the study area appar­
ently reflected the differences in bill morphology betveen the tvo 
species, and availability of caterpillars. The apparent preference of 
Figure 13. Caterpillar larva of Mocis latipeB foraging on blades 
of Panicum maximum, southwestern Puerto Rico, 1987. 
Figure 14. Caterpillar larvae of Wocis latipes removed from blades of 
Panicum maximum and Cenchrus ciliaris. southwestern Puerto Rico, 1988. 
Figure 15. Caterpillar larvae of Mocis latipeB removed from blades of 
Bothriochloa pertuaa. southwestern Puerto Rico, 1988. 
Figure 16. Caterpillar larvae of Melipotis ochrodes on bark of 
mesquite, southwestern Puerto Rico, 1987. 
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Table 3.^ Incidence of caterpillars or pupae in the stomachs of 7 Shiny 
Covbirds collected in southwestern Puerto Rico, 18-19 November 1987. 
Species and Number Observed 
Specimen Mocis latipgg Heliootis ochrodeB 








''Specimens courtesy of the Louisiana State University Museum of Natural 
Science (LSUMNS), Baton Rouge, Louisiana. 
Percent caterpillars or pupae present in stomachs= 86% 
Percent of larvae or pupae of Mocis latipes present in stomachs= 0% 
Percent of larvae of Melipotis ochrodeB present in stomachs= 86% 
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Table 4. Incidence of caterpillars or pupae in the stomachs of 14 
Shiny Covbirds collected in southwestern Puerto Rico, 31 August- 6 
September 1988. 
Species and Number Observed 
Specimen Wocis latipeg Melioptie pchrodeg 
Number Caterpillars Pupae Caterpillars 
1 1 1 -
2 4 2 -
3 5 2 -
4 3 1 -
5 - 1 -
6 - 1 -
7 5 1 -
8 10 - -
9 - - 5 
10 4 1 -
11 - 1 -
12 - - 19 
13 3 - -
14 - 1 -
Percent caterpillars or pupae present in stomachs= 100'/. 
Percent of larvae or pupae of Wocis latipes present in stomachs= 86% 
Percent of larvae of Welipotis ochrodes present in stomachs= 14% 
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Table 5. Incidence of caterpillars or pupae in the stomachs of 38 
Greater Antillean Grackles collected in southwestern Puerto Rico, 31 
August- 6 September 1988. 
Species and Number Observed 
Specimen Hocis latipes Melioptis ochrodes Unidentified 
Number Caterpillars Pupae Caterpillars Caterpillars 
1 4 6 - -
2 - 1 - -
3 3 - 1 -
4 5 - - -
5 - - - -
6 - - - -
7 - - - -
8 8 2 - -
9 - - - -
10 - - 4 -
11 - - - -
12 4 - - -
13 - - - -
14 - - 9 -
15 - - 11 1 
16 - - 30 -
17 - - 2 -
18 - - 2 -
19 - 20 1 
20 - - 2 -
21 4 - 4 -
22 - - 15 1 
23 26 4 - -
24 - - - -
25 - - 14 -
26 - - 2 -
27 - - 3 -
28 9 - 22 -
29 - - 6 -
30 1 - 16 -
31 - - 5 -
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Table 5. Continued. 
Species and Number Observed 
Specimen Hocis latioes Melioptis ochrodes Unidentified 
Number Caterpillars Pupae Caterpillars Caterpillars 
32 - - 2 
33 - 8 
34 - - 7 
35 - 2 
36 - - 2 
37 - - 1 
38 14 -
Percent caterpillars or pupae present in stomachs= 82% 
Percent of larvae or pupae of Hocis latipes present in stomachs= 39% 
Percent of larvae of Helipotis ochrodes present in stomachs= 77% 
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Mocis latipes by covbirds and Melipotis ochrodes by grackles, vhen both 
caterpillar species vere available, may have reflected differences in 
the accessibility of prey to foraging icterids. Because of their 
longer bills, grackles vere able to probe deeper into crevices and 
behind the loose bark of mesquite, and vere therefore more efficient at 
foraging on Melipotis ochrodes. Thus, larvae of Melipotis ochrodes 
vere probably more accessible to grackles. This explains the higher 
percentage of Melipotis ochrodes in the stomachs of grackles in 1988. 
Additionally, covbirds often fed on Melipotis ochrodes vhen Mods 
latipes vas unavailable or vhen Melipotis ochrodes vas relatively 
"more" available. The lack of Mocis latipes in the stomachs of 
covbirds collected in 1987 could have been due to the unavailability of 
Mocis latipes in areas vhere covbirds vere collected. 
Because of its long tap roots (Fisher 1977, Fisher et al. 1959), 
mesquite had vater available to it for longer periods than understory 
grasses. Consequently, fresh mesquite foliage vas available to larvae 
of Melipotis ochrodes for longer periods and this caterpillar vas 
sometimes available to Shiny Covbirds vhen Mocis latipes vas absent. 
Outbreaks of Mocis latipes. Melipotis ochrodes. and other 
caterpillars vere associated vith periods of rainfall. After suffic­
ient amounts of cumulative rainfall, mesquite and grasses sprouted nev 
vegetation, adult moths (Fig. 17) laid eggs on the nev vegetation, 
vhich hatched vithin 2-3 days, and vithin ca. 8-10 days folloving 
rains, icterids vere observed feeding on caterpillars. Icterids 
foraged on caterpillars as long as caterpillars vere available. Rain 
in excess of 76.2 mm vas often sufficient to provide ample vegetation 
Figure 17. Adult male moth of Hocis latipes. southwestern Puerto 
Rico, 1968. 
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for more than one generation of moths. Subsequent to the 38.86 mm of 
rain of 24-30 Hay and the 99.06 mm of rain during 31 May-6 June (Fig. 
8; App. E), vegetation vas available to Mocis latipes for almost a 
month and resulted in successive outbreaks of caterpillars of this 
moth. Consequently, Shiny Cowbirds and other icterids were observed 
foraging primarily on caterpillars during 7-13, 14-20, and 21-27 June 
(Fig. 8; App. D). An additional 122.43 mm of rain on the study area 
during 21-27 June (Fig. 9; App. E), provided sufficient moisture for 
grasses to sprout new foliage and provide additional vegetation to 
Mocis latipes. New outbreaks of these caterpillars resulted in further 
observations of Shiny Cowbirds and other icterids foraging on 
caterpillars through 19-25 July. 
Additionally, grazing intensities and agricultural practices 
influenced the availablility of Mocis latipes that foraged on grasses. 
Under light to moderate grazing (Fig. 11), grass vegetation was 
available to foraging caterpillars for longer periods than when areas 
were subject to heavier grazing (Fig. 12). Under intense grazing, 
larvae of Mocis latipes competed with cattle for available vegetation. 
Rainfall in excess of 76.2 mm would stimulate new growth of grasses 
sufficient for an initial generation of Mocis latipes. However, on 
heavily grazed areas cattle quickly removed the foliage and there was 
insufficient food for Mocis latipes to rear successive generations. 
In areas where grazing was lighter, however, there was often 
enough vegetation for Mocis latipes to rear an additional generation of 
moths. Under such conditions, Shiny Cowbirds often concentrated in 
large flocks (Table 2) with other icterids to forage on successive 
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generations of available caterpillars. For example, cumulative 
rainfall of 76.71 mm during 16-22, 23-29 August, and 30 August-5 
September (Fig. 9; App. E) prompted an outbreak of Mocis latipes on 
Cenchrus ciliaris northwest of the Pitahaya Roosts. Consequently, 
Shiny Cowbirds were observed foraging on the larvae of MociB latipes 
beginning in the 13-19 September period (Fig. 8; App. D). An 
additional 84.07 mm of rain during 13-19 and 20-26 September (Fig. 9; 
App. E), stimulated additional vegetative growth sufficient for 
successive generations of Mocis latipes and provided food to cowbirds 
and other icterids through 11-17 October (Fig. 9; App. E). By 18 
October, however, caterpillars were available to Shiny Cowbirds and 
other icterids only on the east side of Pitahaya Road where grazing was 
lighter. Consequently, icterids concentrated in this area 18-20 
October to forage on the remaining caterpillars. On 18 October, I 
observed two large, mixed-species flocks of icterids, foraging on 
larvae of Mocis latipes. One flock contained about 200 Yellow-
shouldered Blackbirds, and about 2000 Greater Antillean Grackles. The 
second flock was located about 600 m east of the first flock and 
contained an estimated 100 Yellow-shoulderd Blackbirds, 1000 Greater 
Antillean Grackles, and 50 Shiny Cowbirds (Table 2, McKenzie and Noble 
1989). On 20 October, similar flockB were observed at the same 
locations except that the second flock had an estimated 600 Shiny 
Cowbirds (Table 2, McKenzie and Noble 1989). Concentrations of 
icterids on the study area in 1987 often contained large numbers of 
marked cowbirds. Within the large mixed-species flocks of icterids 
foraging on caterpillars on 21 September, 24 September, 12 October, and 
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20 October, 1987, vere a minimum of 112, 101, 69, and 65 marked 
covbirds, respectively. As caterpillar numbers became reduced over 
time, covbirds and other icterids often tore open chrysalises (Fig. 18) 
to feed on pupae (Fig. 19) of Mocis latipes. 
Mesquite is an important source of charcoal and fence posts in 
southwestern Puerto Rico. Farmers often trim back mesquite by removing 
branches suitable for posts and charcoal. Smaller branches are trimmed 
and left on the ground as debris. As the branches of mesquite are 
armed vith thorns, cattle are reluctant to graze on grasses protruding 
from such debris on the ground. The additional grass vegetation 
protected by mesquite debris provided food for Mocis latipes. Covbirds 
often used mesquite debris as perches to reach caterpillars on grass 
emerging from the brush piles. 
Although Shiny Covbirds vere not commonly observed in open fields 
(Fig. 7; App. C), I observed covbirds in an open field after an out­
break of Hacia latipes on Cenchrus ciliaris during 13-19 September. 
The occurrence of Mocis latioeB in this field may have been related to 
its proximity to an adjacent, irrigated agricultural field. The 
Cenchrus ciliaris adjacent to the irrigated field apparently had enough 
soil moisture to provide vegetation for Mocis latipes. even though 
grasses in the surrounding mesquite voodland vere under drought 
conditions. 
What host plant Mocis latipes foraged on appeared to be dependent 
on the location. Cenchrus ciliaris and Panicum maximum vere the main 
hosts in mesquite voodland on the proposed VOA site, the Cabo Rojo 
National Wildlife Refuge, and areas northeast of the Pitahaya Roosts 
Figure 18. Chrysalises of Mods latipes encased in blades and culms 
of Cenchrwg southwestern Puerto Rico, 1988. 
Figure 19. Pupae of flncia latipea. southwestern Puerto Rico, 1988. 
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(Fig 6.). In areas adjacent to the coast, Wocis latipes foraged on 
Chlprig inflate Sprprbolvs PVrimfotVg or Cvnodon dactvlon. Adjacent 
to the DNR refuge, Mocis latipes' main hoBt plants were Bothriochloa 
pertuBa and Cenchrus ciJLiarig. Near La Parguera, Bothriochloa pertusa 
and Panicum maximum were the major hosts for Wocis latipes. 
Under the proper conditions, outbreaks of Mocis latioes in 
southwestern Puerto Rico can be extensive. Severe outbreaks of WociB 
latipes on Cenchrus ciliaris and Panicum maximum in southvestern Puerto 
Rico have been well documented (Maldonado-Capriles and Colon-Ferrer 
1973). During such outbreaks, caterpillars can be so abundant that 
they completely strip the vegetation from host plants (Figs. 20, 21). 
The periodic caterpillar outbreaks of Wocis latipgB in south­
western Puerto Rico are probably related to changes in the availability 
of host plants associated with mesquite woodland and agricultural 
crops. Mesquite and many of the understory grasses associated with 
this habitat are not native to Puerto Rico (Liogier and Martorell 1982, 
Little and Wadsworth 1989). Mesquite was introduced to Puerto Rico 
around 1600 to provide lumber for railroad ties and quickly spread in 
savannas, pastures, and abandoned agricultural fields (Little and 
Wadsworth 1989). Most of the grasses associated with mesquite woodland 
were introduced as forage grasses (Liogier and Martorell 1982). 
Although Panicum maximum has been common in southwestern Puerto Rico 
for at least 100 years (Roberts 1948), other forage grasses such as 
BothriPChloa pertusa, Cenchrus ciliaris. and Dichanthium annulatum have 
only been common in this region for about 50 years (Alberts and 
Garcia-Molinari 1943, Garcia-Molinari 1952, Liogier and Martorell 
Figure 20. Caterpillar destruction of Hocis latipes on CenchruB 
ciliariB. southwestern Puerto Rico, 19B7. 
Figure 21. Caterpillar destruction of Hocie latipes on Panicum 
maximum, southwestern Puerto Rico, 1987. 
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1982). These grasses are now abundant in southvestern Puerto Rico and 
are all hosts for Mocis latipes (Nartorell 1975, pers. obs.). 
Additionally, cereal grasses such as sugar cane [a known host for Mocis 
latipes in Puerto Rico (Jones and Wolcott 1922)], have been common on 
the islands for at least 250 years. With an abundance of host plants, 
conditions have been favorable for population explosions of this 
caterpillar. Such outbreaks of Mocis latipes on these grasses have 
been well documented in southwestern Puerto Rico (e.g., 
Maldonado-Capriles and Colon-Ferrer 1973). 
It is probable that icterids in southwestern Puerto Rico have 
adapted to the periodic infestations of caterpillars associated with 
mesquite woodland and agricultural crops. Records of predation on such 
caterpillars by icterids in this region of the island have been 
documented since the early 1900's <e.g., Jones 1913, Van Dine 1913, 
Jones and Wolcott 1922). 
Shiny Cowbirds also foraged on the fruit of certain shrubs and 
grasses (Fig. 8; App. D). Fruits of Cordia alobosa var. humilis and 
Tournefortia volubilis (Fig. 22), were the most frequently observed 
taken by Shiny Cowbirds (Table 1). Berries of Cordia plobosa var. 
humilis appeared to be a preferred food when available. During the 28 
June-4 July period, berries of this shrub accounted for 4251 of foraging 
observations (Fig. 8; App. D), even though larvae of Mocis latipes and 
Melipotis ochrodes were available. Shiny Cowbirds were observed most 
frequently feeding on the seeds of the grasses Brachiaria 
subquadriparia and Panicum maximum (Table 1, Fig. 23). Seeds of 
Brachiaria subquadriparia were available to cowbirds during 12-18 July 
Figure 22. Berries of Tournefortia volubilia. southwestern Puerto 
Rico, 1987. 
Figure 23. PaniCUffl maximum with inflorescences, southwestern Puerto 
Rico, 1987. 
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through 9-15 August, while those of Panicum maximum were available 
during 20-26 September, 11-17 and 18-24 October, and 1-7 November. 
When drought conditions existed, and when caterpillars, berries, 
or seeds were no longer available, Shiny Cowbirds concentrated in 
residential or agricultural areas (Fig. 1) (e.g., at chicken pens 
adjacent to the Cabo Rojo National Wildlife Refuge, or the Boqueron 
Dairy), where they foraged on such food sources as waste corn or other 
grain (Figs. 7, 8; App. C, D). Additionally, during drought periods, 
cowbirds foraged on the flowers and foliage of 
mesquite (Fig. 8; App. D>. 
Little information on the habitat use, movements, and foraging 
behavior of Shiny Cowbirds can be found in the literature. Post and 
Wiley (1977a) indicated that Yellow-shouldered Blackbirds and Shiny 
Cowbirds fed in mixed-species flocks "around cattle feeding lots, 
monkey feeders and pasture." In the Dominican Republic, Arendt and 
Vargas-Mora (1984) reported that Shiny Cowbirds fed on rice and grains, 
and were often observed in disturbed areas, at or near rice fields, 
pasturelands, and livestock management facilities. 
Shiny Cowbirds are apparently opportunistic feeders as are other 
cowbirds. White et al. (1985) reported that the diet of Brown-headed 
Cowbirds (Molothrus ater) contained 74% weed seeds taken primarily in 
pastures and 22V. corn taken from livestock feedlots. Dolbier et al. 
(1978) assessed the impact of blackbirds on agricultural crops and 
found that Brown-headed Cowbirds were usually associated with cattle 
and that corn (54%) and weed seeds (34%) were their major foods. 
I could find no references that reported Shiny Cowbirds foraging 
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on caterpillars. However, previous authors have discussed icterids 
foraging on caterpillars in Puerto Rico. Post (1981) observed 
Yellow-shoudered Blackbirds feeding their young and indicated that 
larvae of Melipotis sp. were a common food item. Post further stated, 
"larvae of these moths feed in the tree canopy at night and during the 
day move down the trunk to hide in crevices in the bark, which is also 
screened by surrounding shrubs." Although Post did not identify the 
host plant for the Melipotis sp. he observed, his discussion suggests 
that mesquite was the host plant and Melipotis ochrodes was the species 
of caterpillar involved; a species that I observed icterids frequently 
foraging on in this study. Van Dine (1913) indicated that Greater 
Antillean Grackles and Smooth-billed Anis (Crotophaqa ani) foraged on 
larvae of Mocis latipes "especially in the more open grass lands." 
Jones (1913) reported that grackles and anis "undoubtedly" did "a great 
deal of good in reducing the numbers of caterpillars, particularly 
those occurring in the more open grasslands. " 
Observations of Shiny Cowbirds foraging on the leaflets and 
inflorescences of mesquite during periods of drought, while unusual for 
granivorous or insectivorous passerines, is not however, unprecedented. 
Bazely (1987) reported that Snow Buntings (Plectrophenax nivalis) 
foraged on newly grown leaves of salt-marsh grass (Puccinellia 
phrvaanodes Scribn. and Morr.) at Manitoba, Canada during the spring. 
Bazely (1987) suggested that the leaves of the grass were high in 
nitrogen, were possibly rich in other nutrients, and perhaps an 
important food source for buntings during spring migration. Dunham 
(1966) reported that part of the diet of Rose-breasted Grosbeaks 
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(Pheucticua ludovicianus) in New York included the "buds, flover, 
fruits, and/or young leaves of various trees and shrubs." In the 
present instance, the leaves and inflorescences of mesquite may be of 
sufficient nutritional value to supplement a cowbird'e diet during 
periods of drought when preferred food items are scarce. 
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Activity Budgets 
On average, Shiny Covbird flocks spent approximately 68X of the 
time foraging <range= 47 to 86), 31% of the time resting and preening 
(range= 14 to 52), and about 1% of the time drinking and/or bathing 
(Fig. '24; App. F). Shiny Covbirds spent more time preening and resting 
than foraging only during the 26 July-1 Aug. period (Fig. 24; App. F). 
The time Shiny Covbirds spent foraging, resting and preening, or 
bathing and drinking, was comparable to the results reported for other 
larger passerines. Brown Thrashers (Toxostoma rufum) spent about 477. 
and 467. of their time foraging and resting/preening, respectively, 
during the winter in coastal Texas (calculated from Fischer 1981). 
Verbeek (1972) recorded the annual time budgets of the Yellow-billed 
Magpie (Pica nuttalli) in percent for the following activities: 
foraging= 567., resting and preening= 347,, and bathing and drinking= 
1.57.. Lundberg (1985) found that European Starlings (Sturnua vulgaris) 
spent "a major fraction" of their time foraging and resting, but noted 
that the time occupied in these activities showed a pronounced seasonal 
variation. 
The less time covbirds spent foraging during the 26 July-1 August 
period may have been due to random chance or seasonal differences in 
nutritional requirements. Puttick (1979) indicated that the time 
Curlew Sandpipers (Calidris ferruainea) foraged ranged from 537. in 
November to 85% in April (av. = 697.). Puttick (1979) attributed these 
differences to "spatial and temporal variations in the seasonal 
availability of food to Curlew Sandpipers, together vith seasonal 
variations in the birds' energy requirements. 
Figure 24. Activity budgets for Shiny Covbirds, by weekly period, 
southwestern Puerto Rico, 1987 (n= 50,597 minutes; ca. 843 hrs.). 
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Nine incidences of allopreening (described as an invitation to 
preen by some) were observed between Shiny Covbirds and Yellow-
shouldered Blackbirds (Table 6). Four observations involved 4 marked 
males and 5 observations involved 3 marked females (Table 6). The 
invitation to preen was usually done in the following manner: 1) a 
cowbird would fly or hop to the same branch where a blackbird was 
perched, 2) with its head bowed down in the typical "head-down" 
(Selander and LaRue 1961) display and with its body somewhat lowered, 
the cowbird would gradually crawl along the branch until it was next to 
the blackbird, 3) the cowbird would then further present its nape to 
the blackbird while lowering its head a few more degrees and remain 
motionless. Blackbirds usually accepted the invitation (at least 
between marked cowbirds and blackbirds: see Table 10) and began 
preening a displaying cowbird. On a few occasions, however, I watched 
a blackird would move a few centimeters away from the cowbird. In such 
cases, cowbirds would quickly creep along the branch until again next 
to the blackbird and repeat the invitation. In three instances that 
involved unmarked cowbirds (Table 6), blackbirds rejected the 
invitation by either flying off or pecking at the cowbird. When the 
invitation to preen was successful, blackbirds allopreened cowbirds an 
average of 1 minute (Table 6). 
Allopreening has been recorded in at least 43 avian families 
(Harrison 1965, 1969, Sparks 1965, Foreman and Wright 1979), and 
although the behavior has been reported for five of six species of 
cowbirds and other icterids (Chapman 1928, Harrison 1963, Selander 
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Table 6. Incidence and outcome of allopreening (Invitations to 
preen) between marked and unmarked Shiny Cowbirds and Yellow-
shouldered Blackbirds, southwestern Puerto Rico, 1987-1988 <n= 15). 
Number of 
Tag Outcome of MinuteB 
Date Number Sex Invitation Preened 
;??7 
7 July B 21 M Successful 1 
5 Aug. B 36 M Successful 1 
18 Oct. Unmarked F Successful 1 
18 Oct. Unmarked F Rejected -
20 Oct. B 35 M Successful 1 
20 Oct. C 17 F Successful 1 
24 Oct. Unmarked F Rejected -
24 Oct. Unmarked F Rejected -
24 Oct. A 37 F Successful 1 
12 Nov. B 37 F Successful 1 
12 Nov. B 37 F Successful 2 
12 Nov. B 37 F Successful 1 
23 Nov. B 70 M Successful 2 
1988 
27 Aug. Unmarked F Successful 1 
31 Aug. Unmarked F Successful 5 
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1964, Dow 1968, Payne 1969, Verbeek et al. 1981), few observations 
under natural conditions have been noted between Shiny Cowbirds and 
potential hosts. Selander (1964) reported that captive male and female 
Shiny Cowbirds solicited allopreening from a House Sparrow (Passer 
domesticus) and indicated that the "head-down invitation display" of 
this species was similar to that of Brown-headed and Bronzed Cowbird 
(Wolothrus aeneus). 
To my knowledge, my observations of allopreening between Shiny 
Cowbirds and Yellow-shouldered Blackbirds are the first documented 
records. Although the interactions between Shiny Cowbirds and 
Yellow-shouldered Blackbirds have been extensively studied (Post and 
Wiley 1976, 1977a,b, Post 1981, Cruz et al. 1985, Wiley 1985a,b, Post 
and Post 1987), I can find no published report of the head-down display 
or subsequent allopreening between the two species. 
There is apparently no agreement on the adaptive significance of 
allopreening. Because Dow (1968) believed that there were few records 
of allopreening by Brown-headed Cowbirds observed outside the aviary, 
he questioned whether the behavior had any "biological significance." 
Dow (1968) added, however, that there was a possibility that "we are 
observing the initial stages of a behavioral adaptation in a very 
recently evolved brood parasite." 
Many still agree with the assessment of Selander and LaRue (1961) 
who suggested that allopreening "results in reduced hostile tendencies 
of individual birds that are potential hosts for the cowbird." 
Although Harrison (1965) and Fitzpatrick (1975) suggested that 
allopreening in owls was important as a means of sexual or individual 
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recognition, Foreman and Wright (1979) concluded that this behavior was 
a "peaceful interaction without agressive overtone." Selander (1964) 
rejected Friedman's (1963) hypothesis that the allopreening behavior in 
cowbirds was a "memory induced reaction based on early experience of 
care by adults of other species." Although the Bay-winged Cowbird 
(Molothrus badius) is not a brood parasite (Friedmann 1929), it has 
elicited preening invitations from Chestnut-fronted Troupials (Aaelaius 
ruficapillus) and House Sparrows (Selander 1964). Selander (1964) 
suggested that such behavior by a non-parasitic cowbird was evidence 
that the "preening invitation behavior did not evolve in cowbirds 
specifically as adaptation for brood parsitisim." Scott and 
Grumstrup-Scott (1983) supported Selander's (1964) hypothesis and added 
that the head-down display associated with allopreening "may not have 
evolved in a direct relationship with brood parasitism," but "may have 
evolved before the habit of brood parasitism." Harrsion (1965) 
postulated that allopreening evolved as a ritualized form of agressive 
pecking or biting behavior. Scott and Grumstrup-Scott (1983) disagreed 
with Rothstein's (1971, 1980) suggestions that the head-down display 
was agressive in nature or was an example of behavioral mimicry. 
In their analysis of the head-down display associated with 
allopreening, Scott and Grumstrup-Scott (1983) proposed the following 
"consolidated hypothesis"— "The head-down display is an appeasing, 
agonistic behavior that reduces agonistic behaviors of the recipient 
toward the displaying cowbird. The displayor is generally dominant to 
the recipient, and preening is a stimulus for subsequent displaying by 
the preened cowbird. The display functions in obtaining food, 
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minimizing roosting energetics, and/or establishing flock order." 
Regarding the foraging benefits that covbirds could realize in 
mixed-species flocks, the same authors further postulated that "the 
head-down display may facilitate a cowbird's joining a foraging group 
by appeasing flock members or by helping to assess agonistic tendencies 
of flock members." They also suggested that covbirds using the display 
might enable roosting birds to establish positions in communal roosts 
and that such positions would help cowbirds minimize overnight energy 
expenditures necessary for thermoregulation. 
Goodwin (1983) postulated that allopreening could serve a role in 
removing ectoparasites and Brooke (1985) attributed the differences in 
tick loads between paired and unpaired Macaroni (Eudyptes chrvsolophus) 
and Rockhopper (Eudyptes chrvsocome) Penguins to allopreening. Because 
allopreening is often associated with individuals that are forced into 
close proximity to one another (Cullen and Ashmole 1963, Harrison 
1965), Brooke (1985) believed that "such conditions facilitate transfer 
of ectoparsites from one individual to another," and suggested that 
"allopreening initially evolved because it uniquely combined cleansing 
and social functions." Other reseachers have supported the theory that 
the behavior serves a sexual or social purpose (Simmons 1967, Gaston 
1977). 
The function of allopreening between Shiny Cowbirds and 
Yellow-shouldered Blackbirds is not clear and the above hypotheses can 
only partially explain the purpose of the behavior for the the 
following reasons. First, although I commonly observed Yellow-
shouldered Blackbirds foraging, resting, preening, drinking and bathing 
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with Greater Antillean Grackles as well as Shiny Covbirds, I never 
observed allopreening between cowbirds and grackles. Shiny Cowbirds 
parasitize the nests of Greater Antillean Grackles as well as 
blackbirds (Cruz et al. 1985, Wiley 1985b). If allopreening was an 
adaptation for brood parasitism as hypothesized by Scott and 
Grumstrup-Scott (1983), then I should have noted the behavior between 
cowbirds and grackles as well as between cowbirds and blackbirds. 
Thus, if the head-down display serves as an appeasement display to 
reduce "hostile tendencies of individual birds that are potential 
hostB* (Selander and LaRue 1981), the behavior should be in operation 
between cowbirds and grackles as well. 
Some have suggested that head-down displays of cowbirds are seldom 
directed toward common hosts (Friedmann 1929, 1963, Hicks 1934, 
Rothstein 1980, Scott and Grumstrup-Scott 1983). Although Greater 
Antillean Grackles are currently more common in southwestern Puerto 
Rico than Yellow-shouldered Blackbirds, I do not think that this is the 
main reason for the lack of observations of this behavior between 
grackles and cowbirds. One possibility is that the much larger 
grackles are dominant to cowbirds and thus pose a threat to them. 
Scott and Grumstrup-Scott (1983) suggest that for the head-down display 
to serve as an appeasement display, the displayor should be dominant to 
the recipient. If so, and if Shiny Cowbirds are subordinate to Greater 
Antillean Grackles, the behavior may be non-operative between the two 
species. Rothstein (1980) indicated that "the display is an agress-
ively motivated gesture that cowbirds use in a variey of contexts to 
assess fighting potential of other birds, ... to establish dominance." 
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The lack of the behavior between covblrds and grackles may Indicate 
that dominance is already established and that cowbirds are only able 
to solicit invitations to preening from subordinate blackbirds. 
As I observed the behavior between cowbirds and blackbirds and not 
cowbirds and grackles, it may be related to differences in parasitism 
rates between the two hosts. Cruz et al. (1985) noted that while 94.27. 
of the nests of Yellow-shouldered Blackbirds they studied were 
parasitized by cowbirds, only 9.9% of grackle nests were parasitized. 
Similarly, Wiley (1985b) reported parasitism rates of 95% and 11% by 
cowbirds on the nests of blackbirds and grackles, respectively. These 
differences in parasitism rates may suggest that grackles have been in 
less contact with cowbirds and that the behavior is not well developed 
between the two species. 
I do not believe that allopreening between cowbirds and blackbirds 
functions in "minimizing roosting energetics" as suggested by Scott and 
Grumsptrup-Scott (1983). The center of abundance for five of six 
species of cowbirds are concentrated in tropical and semi-tropical 
regions where overnight expenditure for thermoregulation is not as 
important as for Brown-headed cowbirds that occur in temperate North 
America. 
Because Shiny Cowbirds frequently forage in mixed-species flocks 
with Yellow-shouldered Blackbirds and Greater Antillean Grackles, it is 
possible that the head-down display associated with allopreening 
between cowbirds and blackbirds is important in establishing and 
maintaining flock order as suggested by Rothstein (1980) and Scott and 
Grumstrup-Scott (1983) or in reducing agression between flock members 
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when feeding. Ng and Jasperson (1984) indicated that the head-dovn 
display and subsequent allopreening between Crested Caracara and Black 
Vulture may have allowed displaying caracaras to join Black Vultures 
for foraging and roosting. Ng and Jasperson (1984) also stated that 
"the advantages of the display in allowing a cowbird to join a flock 
for foraging and roosting may apply equally to the caracara.* Thus, as 
indicated by Gaston (1977), allopreening between Shiny Cowbirds and 
Yellow-shouldered Blackbirds may serve a social function and be 
important in preventing flock disorganization. 
Sunning 
Shiny Cowbirds were observed 25 times sunning or sunbathing in the 
"lateral sunning posture" as described by Simmons (1986:36-46) (Table 
7). In this behavior, birds would suddenly stop a particular activity, 
tilt their head and body at approximately a 35-40 degree angle towards 
the sun, hold open their bill, and fluff out their feathers (Fig. 25). 
Sunning sometimes involved multiple individuals and usually lasted 
between 1 and 4 minutes (average 1.3 minutes, see Table 7). The same 
behavior was observed on 2 occasions with Greater Antillean Grackles 
(Ouiscalus niger) and Troupials (Icterus icterus) (Table 7). 
The adaptive significance of sun bathing or sunning in birds has 
long been debated. Simmons (1986:4-9) reviewed and discussed the 
different aspects of the thermoregulatory functions of sunning. Some 
have suggested that sunning serves either as a heat dissipation (Hauser 
1957, Kennedy 1969) or heat absorption (Brown and Amadon 1968) 
mechanism. Lanyon (1958) stated that he regarded "a sudden warming of 
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Table 7. Incidence of sunning using the "lateral posture" (Simmons 
1986) by icterids, southwestern Puerto Rico, 1987 (n= 28). 
Number of birds 
Participating Minutes 
Date Species In the activity Observed 
1987 
4 Sep. Shiny Covbird 11 4 
6 Sep. Shiny Covbird 2 1 
6 Sep. Shiny Covbird 1 1 
6 Sep. Shiny Covbird 5 2 
6 Sep. Shiny Covbird 1 1 
8 Sep. Shiny Covbird 1 1 
8 Sep. Shiny Covbird 1 1 
11 Sep. Shiny Covbird 1 1 
11 Sep. Shiny Covbird 1 1 
11 Sep. Shiny Covbird 4 1 
11 Sep. Greater Antlllean Grackle 1 1 
12 Sep. Shiny Covbird 1 1 
12 Sep. Shiny Covbird 1 1 
14 Sep. Shiny Covbird 1 1 
14 Sep. Shiny Covbird 1 2 
15 Sep. Troupial 1 1 
16 Sep. Shiny Covbird 2 1 
16 Sep. Shiny Covbird 1 1 
25 Sep. Shiny Covbird 1 1 
5 Oct. Greater Antlllean Grackle 2 1 
6 Oct. Shiny Covbird 1 1 
14 Oct. Shiny Covbird 1 1 
14 Oct. Shiny Covbird 1 1 
7 Nov. Shiny Covbird 2 2 
14 Nov. Shiny Covbird 1 1 
19 Nov. Shiny Covbird 1 1 
14 Dec. Shiny Covbird 1 3 
1986 
31 Aug. Shiny Covbird 3 2 
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Figure 25. Sunning behavior by Shiny Covbirds using the 'lateral 
posture," (Simmons 1986) southwestern Puerto Rico, 1987-1988. 
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the bird's immediate environment as being extremely important in the 
motivation of sun-bathing behavior." Because birds often sunbathed 
during the hottest times of the day and the hottest times of the year 
(Hauser 1957, Teager 1987), Mueller (1972) theorized that "heat 
conservation vas probably not a benefit of sunning." 
Because sunbathing behavior has been reported to be more frequent 
during the time of the molt than other periods of the year (Hauser 
1957), and because anting apparently occurs most often during the time 
of molt (Potter 1970, Potter and Hauser 1974), some researchers have 
suggested that the two behaviors serve similar functions. Rothschild 
and Clay (1952) asserted that anting has its "phyletic origins in 
sunbathing," because "both anting and sunbathing are followed by 
vigorous and extended preening." Hauser (1973) observed birds sunning 
in conjunction with anting. Potter and Hauser (1974) reviewed the 
significance of anting and sunning and concluded that "the correlation 
of sunbathing with head and upper body molt offers a more logical 
explanation, particularly in view of the apparently complimentary 
relationship of anting to the moulting of wing and tail feathers." 
They further stated that sunning and anting were "complimentary, 
comfort-motivated behaviors" and the means birds used were dependent 
"upon the location of the feather tract(s) currently in molt." Based 
on Potter and Hauser's (1974) analysis, birds would apparently "prefer" 
sunning to anting if molting feather tracts were easily exposed to 
sunlight. Anting on the other hand would be preferred to sunning if 
molting feather tracts were not sufficiently exposed to sunlight or 
when molting areas were easily reached with an ant held in the bird's 
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beak. Potter and Hauser (1974) also observed a Gray Catbird (Dumetella 
carolinensis) pick up ants, but rather than anting, the bird assumed a 
sunning position while standing in full shade. These authors suggested 
that this was evidence supporting the view that the impulses to ant and 
sunbathe have a common origin. Kennedy (1969) indicated that sunning 
would increase preen gland secretion, and thus the behavior would be 
associated with feather care. Thus, Potter and Hauser (1974) agreed 
with Harrison (1946), Gibb (1947), Hauser (1957), Kennedy (1969), and 
Burton's (1985) assertion that sunbathing was a maintenance behavior 
that served a role in molting. 
Simmons (1986:97), on the other hand, did not believe that sunning 
and anting were complimentary activites and also stated that "although 
sunning birds are sometimes in molt and the effects of sunning could 
perhaps be of some benefit to that state, any correlation between 
sunning and moulting may well be only seasonally coincidental, as in 
the case of anting and moulting." 
Simmons (1986:2) recognized two adaptive types of sunning: 1) 
"sun-basking, " which he defined as "a means of absorbing heat and hence 
a form of thermoregulation, " and 2) "sun-exposure (or sunning proper)," 
which Simmons indicated "probably functions in feather maintenance and 
related ways, and hence is a form of comfort behaviour. " 
Regarding the purpose of sunning behavior other than sun-basking, 
Simmons (1986:101) stated that it served as an "uncertain function but 
probably a form of feather-maintenance as well as serving other 
purposes, for example the synthesis of Vitamin-D. " Others have also 
hypothesized that sunbathing promoted the synthesis of vitamin D 
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(Prosser and Brown 1961, Weisbrod 1971). 
Based on the behavior and sunning posture of birds in relation to 
the sun's position, Hauser (1957 5 recognized four "levels" of sunning 
in passerines. Hauser (1957) described the third level as a "full sun" 
position in which sunning birds leaned to one side, opened their bill 
and stared at the sun with their upper eye. Simmons (1986:30) 
attempted a more comprehensive classification of sunning behavior and 
designated five levels: 1) simple sunning behaviour, 2) the wings-down 
posture, 3) lateral postures, 4) raised-wing postures, and 5) spread-
wing postures. The lateral posture discussed by Simmons (1986) is 
analagous to Hauser's (1957) full sun position and is most commonly 
observed in passerines. In addition to my observations of sunbathing 
by Shiny Cowbirds, Greater Antillean Grackles, and Troupials (Table 7), 
no less than 24 species of birds have been observed using the lateral 
sunning position (see review in Simmons 1986: 38-39). 
Possibly the function of sunning by Shiny Cowbirds can be inferred 
from the dates of sunbathing observations. Over 70'/. of my observations 
of sunning behavior were between 31 August and 25 September (Table 7). 
In 1987 I continued to capture, mark, and release cowbirds during this 
period, and in the process of handling the birds, I noted that they 
were in various stages of molt. Although I spent hours observing Shiny 
Cowbirds in 1987 between May and the first observation of sunning on 4 
September, I never observed the species sunbathe prior to that date. 
Additionally, I did not observe captured birds in molt until late 
August 1987. In 1988, although I did not capture and mark cowbirds, 
I observed the sunning behavior on 31 August. Thus, I do not think 
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that the timing of the observations of sunbathing and molting with 
Shiny Covbirds were merely coincidental. Although sunning may serve 
more than one function for other species under different circumstances 
elsewhere, this behavior probably assists with feather maintenance 
associated with molt in Shiny Cowbirde in southwestern Puerto Rico. 
Perhaps sunning assists in the molt process by warming feather sheaths 
and enabling worn feathers to be more easily displaced by emerging, new 
feathers. 
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Cowblrd Flocks and Association With Other Icterids 
The congregation of Shiny Cowbirds, Greater Antillean Grackles, 
and Yellow-shouldered Blackbirds in large flocks at caterpillar 
outbreaks in southwestern Puerto Rico may indicate that these species 
benefit from social foraging. Many theories have been advocated 
concerning the adaptive significance of flocking and this topic is 
discussed in greater detail in the literature review. In the present 
case, icterids in southwestern Puerto Rico that forage together in 
large mixed-species flocks possibly benefit from predator protection 
(Orians 1985, Powell 1985), or increased foraging efficiency by 
becoming aware of the location of patchy food sources through "local 
enhancement" (Thorpe 1956:32), "observational learning," (Alcock 1969 
a,b) or "imitative foraging" (Greig-Smith 1978). Others have presented 
theories suggesting that information regarding the location of food 
concentrations is exchanged between flock members at communal roosts 
(e.g., information center hypothesis: Ward and Zahavi 1973; assembly 
point hypothesis: Evans 1982a). 
Although I have limited data, my observations of mixed-species 
flocks of icterids foraging on caterpillars in mesquite woodland may 
indicate that these species benefit from increased foraging efficiency 
and predator protection. 
While observing flocks of foraging icterids, I often noticed that 
Greater Antillean Grackles were more successful than either Shiny 
Cowbirds or Yellow-shouldered Blackbirds in locating caterpillars when 
caterpillars became first available. Additionally, because of their 
longer bills, grackles appeared more efficient in locating larvae of 
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tlelipotis ochrodes behind bark and in crevices of mesquite than 
cowbirds or blackbirds. I observed that grackles were the first 
members of an icterid flock to locate nev caterpillars in grasses and 
were therefore possibly the leader species in flocks of grackles, 
cowbirds, and blackbirds. On numerous occasions I watched cowbirds and 
blackbirds follow behind grackles as grackles searched for cater­
pillars. When a grackle located a caterpillar, I often observed 
cowbirds and blackbirds run after grackles in an attempt to steal the 
prey. Eventually, however, all cowbirds and blackbirds were apparently 
able to learn how to locate caterpillars by watching grackles. 
Additionally, I observed immature cowbirds follow adult cowbirds in a 
similar manner. These observations may support Alcock's (1969 a, b) 
theory of observational learning or Greig-Smith's hypothesis (1978) of 
imitative foraging. 
In 1988, I observed cowbirds, grackles, and blackbirds foraging on 
caterpillars at the same locations I observed icterids at in 1987. 
This may suggest that icterids in southwestern Puerto Rico "learn" or 
remember the locations of caterpillar outbreaks during different 
seasons and different years. Because cowbirds, grackles, and 
blackbirds commonly roost together at communal roosts in southwestern 
Puerto Rico (Post and Post 1987; pers. obs.), icterids may "learn" the 
location of caterpillar outbreaks through their associations with one 
another. If so, this might lend support for Thorpe's (1956:32) theory 
of "local enhancement," which states that birds learn the location of 
food sources by seeing groups of foraging individuals at concentrated 
food patches. Although there is insufficient data to support any of 
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theories associated with members of bird flocks locating patchy 
concentrations of food, icterids in southwestern Puerto Rico probably 
realize a increase in foraging efficiency by participating in such 
assemblages. 
I noted that icterids feeding on caterpillars often foraged on the 
ground in open to semi-open mesquite woodland. I continually observed 
icterids flush from the ground, rest for a few minutes, and then return 
to the ground to forage. I also noted that icterids were extremely 
wary and often prevented close approach. Such wariness suggested that 
the birds were constantly on the lookout for predators. Additional 
information supports the cautious behavior of these birds while 
foraging. In 1987, I recorded 14 attacks on foraging flocks of 
icterids in mesquite woodland involving three species of predators: 
American Kestrel (Falco sparverius?. Merlin (Falco americanus). and 
Small Indian Mongoose (Table 8). Of these, only one attack resulted in 
the death of one of the members of the flock: a female Shiny Cowbird 
was killed by an American Kestrel on 20 October 1987 (Table 8). ThuB, 
by foraging in large mixed-species flocks in an open to semi-open 
habitat, icterids were probably able to better spot potential 
predators. These observations suggest that predator protection could 
be a benefit to cowbirds, grackles, and blackbirds that forage together 
on caterpillars in mesquite woodland. The frequent association of 
Shiny Cowbirds, Greater Antillean Grackles, and Yellow-shouldered 
Blackbirds together may also indicate that such flocks may benefit from 
flock cohesion through social bonding as postulated by Bayer (1982). 
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Table 8. Incidence and outcome of predator attacks on flocks of 
foraging icterids, southwestern Puerto Rico 19B7. 
Number of 
Date Predator Attacks Outcome 
29 June Small Indian Mongoose 1 Unsuccessful 
9 Sep. Small Indian Mongoose 1 Unsuccessful 
29 Sep. American Kestrel 1 Unsuccessful 
1 Oct. Small Indian Mongoose 1 Unsuccessful 
8 Oct. American Kestrel 1 Unsuccessful 
10 Oct. Merlin 1 Unsuccessful 
10 Oct. American Kestrel 1 Unsuccessful 
12 Oct. American Kestrel 1 Unsuccessful 
13 Oct. Small Indian Mongoose 1 Unsuccessful 
20 Oct. Small Indian Mongoose 1 Unsuccessful 
20 Oct. American Kestrel lit Successful 
27 Oct. American Kestrel 3 Unsuccessful 
ft 
Unmarked female Shiny Covblrd captured, killed and partly eaten. 
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Assesagment of Patagial Markers 
Of the 393 covbirds marked, 350 (92%) vere observed on at least 
one occasion after their release. Marked covbirds vere observed an 
average of 11 different days. The minimum number of days tags vere 
retained for 31 males vho vere subsequently observed vith tags ranged 
from 202 to 707 days; for 16 females the time ranged from 280 to 523 
days (Table 9). 
Patagial markers vere effective in assisting me in monitoring the 
habitat use and movements of Shiny Covbirds in southvestern Puerto 
Rico. Because of their high visibility, patagially marked covbirds 
vere usually easy to follov and observe, and the markers did not appear 
to adversely affect the behavior or flight of covbirds. 
The tag retention I recorded for some birds indicates that the 
technique can be useful for long-term studies. Forty-seven birds vere 
observed to retain their tags a minimum of 202 days, vith some tags 
being retained for up to 707 days (Table 9). Use of the Buttoneer 
attachment method vas helpful in documenting altitudinal migration of 
Red-vinged Blackbirds in Colorado (Cummings 1985). Cummings (1987) 
reported that 60'/. of the Common Grackles and 100% of the Red-vinged 
Blackbirds retained their tags in a cage test for 40 veeks using the 
technique. Further, he concluded that the fasteners had no effect on 
mortality. Stromborg et al. (1988) used the technique to monitor the 
survival of European Starling nestlings after fledging that had been 
dosed vith an organophosphorus insecticide. He reported that some of 
the birds that survived the experiment retained their patagial tags for 
a minimum of 3 months. 
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Table 9. Hinimum number of days patalgial tags were retained by Shiny 
Covbirds, southvesten Puerto Rico, 1987-1989, based on date of tagging 
or retagging and last date of observation (n= 31 males, 16 females). 
Minimum number 
Date tagged Last date of Of days tag 
Sex Or retagged Observation Was retained 
Male 
B77 9 August 1987 16 July 1989 707 
C9 6 May 1987 17 March 1989 681 
C19 6 May 1987 24 February 1989 632 
C30 20 July 1987 18 November 1988 487 
B4 6 May 1987 31 August 1988 482 
B34 12 November 1987 3 February 1989 449 
B53 6 August 1987 5 October 1988 426 
A37 9 August 1987 6 September 1988 401 
B70 7 August 1987 6 September 1988 397 
B80 12 August 1987 3 September 1988 389 
A33 8 August 1987 27 August 1988 386 
A35 10 August 1987 27 August 1988 384 
B72 7 August 1987 23 August 1988 383 
319 12 November 1987 23 August 1988 382 
335 16 August 1987 1 September 1988 382 
315 6 May 1987 2 May 1988 361 
B7 6 May 1987 27 April 1988 356 
B25 6 May 1987 19 April 1988 350 
B24 6 May 1987 7 April 1988 337 
B99 16 August 1987 16 July 1988 335 
C3 12 November 1987 11 July 1988 335 
B61 7 August 1987 6 July 1988 334 
B18 6 May 1987 25 March 1988 324 
B92 16 August 1987 29 June 1988 318 
B39 29 May 1987 6 April 1988 313 
C27 20 July 1987 3 May 1988 288 
C29 20 July 1987 13 April 1988 268 
B5 6 May 1987 28 January 1988 268 
B78 10 August 1987 27 April 1988 261 
B37 29 May 1987 2 February 1988 250 
B81 12 August 1987 1 March 1988 202 
Fen)a;e 
A1 7 May : L987 11 October 1988 523 
A17 7 May : L987 7 September 1988 489 
C26 6 May 1987 3 September 1988 486 
A33 7 August : L987 17 November 1988 468 
323 29 May : L987 27 August 1988 455 
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Table 9. Continued. 
Hlniinum number 
Date tagged Last date of Of days tag 
Sex Or retagged Observation Was retained 
Female 
CIS 6 Hay 1987 31 August 1988 453 
B66 7 August 1987 22 October 1988 442 
C17 6 Hay 1987 15 June 1988 406 
A44 10 August 1987 7 September 1988 401 
B92 12 August 1987 7 September 1988 393 
A45 10 August 1987 6 September 1988 392 
C49 12 November 1987 1 September 1988 383 
B87 12 August 1987 23 August 1988 378 
B52 7 August 1987 23 Hay 1988 290 
A3B 9 August 1987 23 Hay 1988 289 
B84 12 August 1987 18 Hay 1988 280 
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Although tags and tag numbers were easily observed using binoc­
ulars or a spotting scope, correctly reading the tag was dependent on 
the number of characters on the tag and hov the tags conformed to the 
shape of the wing. Some tags bowed around the wrist in the wing while 
others curled inward on the edges. In both cases, it was often 
difficult to read more than two characters. How the tag settled on the 
wing was apparently dependent on the position of the nylon fasteners as 
fasteners placed too close together caused the edges of the tag to 
curl. 
If fasteners and patalgial markers were correctly placed on the 
wing, a small attachment loop was visible on the leading edge of the 
patagium. Because of the potential wear in this area, John Cummings 
(Research Biologist, Section of Bird Damage Control, USDA, Denver 
Wildlife Research Center, Building 16, P.O. Box 25266, Denver Federal 
Center, Denver, CO 80225-0266, pers. commun. 1987) recommended that the 
attachment strip be cut to reduce friction. I initially cut the strip 
per Cummings' instructions but noted that this contributed to tag loss 
for the following reasons. Cutting the attachment strip resulted in 2 
separate pieces of fabric. With age, the edges of the smaller piece on 
the underside of the wing became brittle and curled around the edges of 
the nylon fastener. Eventually, this area pulled through the patagium 
and the tag fell from the wing. I did not cut the attachment strip on 
subsequent markings. Instead, I attempted to prevent abrasion on the 
leading edge of the patagium by creating more space between the edge of 
the patagium and the patagial loop attachment strip. This was 
accomplished by attaching the marker closer to the leading edge of the 
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patagium. This technique was unsatisfactory, as some fasteners were 
too close to the edge of the patagium and tore through the skin. 
Consequently, I further modified the technique by eliminating the space 
between the attachment loop and the leading edge of the patagium and 
added an additional fastener. I placed the three fasteners in an 
evenly spaced triangle. Because recaptured cowbirds with markers 
attached in this fashion did not show appreciable wear on the patagium, 
I recommend this procedure for future studies. Cummings (1987) 
developed the technique I used and reported that Common Grackles and 
Red-winged Blackbirds had better tag retention when three fasteners 
were used. 
Initially, nylon fasteners were placed so that the round ends of 
the fasteners were on the facing edge of the wing, while the cross bars 
were on the underside of the patagium. Subsequent captures of marked 
cowbirds revealed that the cross bars on the underside of the wing 
caused irritation in some birds. I modified the technique by placing 
the round end of the fastener on the underside of the wing. 
Although, the Saflag material that I used for construction of 
patalgial markers proved to be durable, I noted that many tags often 
became brittle and frayed on the edges after about 12-16 weeks in the 
field. Although other researchers found Saflag material to be a 
durable fabric (Bray et al. 1975, 1979; Cummings 1985), I recommend 
that additional fabrics be tested for wear, especially when long term 
studies are intended. The marking paint used for lettering and 
numbering tags was excellent, although the ink faded somewhat after 3 
or 4 months. Further modifications to this patalgial marking technique 
could increase the longevity and readlbility of tags. 
CONCLUSIONS 
Shiny Covbirds were located in six major areas of concentration. 
Of these, all but one were in mesquite woodland; the other area was in 
littoral woodland. Throughout the study period, Shiny Cowbirds used 
mesquite woodland almost 75% of the time. Cowbird use of mesquite 
woodland varied among weekly periods and was linked to rainfall 
received on the study area during weekly periods prior to a week of 
observation. Use of mesquite woodland by Shiny Cowbirds was most 
correlated with rainfall prior to the observation, in particular to the 
total rainfall 2-5 weeks prior to the observation (p=0.0067). 
Overall habitat use was ultimately related to food availability. 
During periods of sufficient rainfall, cowbirds foraged primarily on 
caterpillars, berries and seeds of various species of grasses. As with 
use of mesquite woodland, the minutes cowbirds were observed eating 
caterpillars, berries, or seeds were most correlated with total rain­
fall 2-5 weeks 2-5 prior to the observation (p=0.0149). 
Shiny Cowbirds often foraged in mixed-species flocks with 
Yellow-shouldered Blackbirds and/or Greater Antillean Grackles. 
When there were at least 50 Shiny Cowbirds in a flock and caterpillars 
were the major prey item, grackles and blackbirds associated with the 
flock more so than would be expected by random chance (p< 0.001). 
Shiny Cowbirds, blackbirds and grackles foraged primarily on the larvae 
of Hocis. latipes, ifelippUs ochrodes. Spodoptera spp., Melipotis sp., 
Heiiothis sp., and Anticareia pemmatalis. Mocis latipes. Melipotis 
ochrodes. and Spodootera spp.) were the most frequently taken noctuids. 
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The availability of caterpillars vas dependent on the species of 
moth, the amount of rainfall, the host plant, grazing intensities in 
areas where outbreaks of grass caterpillars occurred, and agricultural 
practices. Caterpillars of Mocis latipes and Melipotis ochrodes vere 
the most frequently observed prey taken by Shiny Covbirds and accounted 
for 53'/. and 24% of the observations, respectively. Observational 
results vere supported by 1987 and 1988 Btomach analyses. In 1987, 86'/. 
of the stomachs of Shiny Covbirds collected on the study area contained 
larvae of Melipotis ochrodes. In 1988, 100% of the stomachs of Shiny 
Covbirds collected on the study area contained larvae or pupae of 
noctuid moths (867. of the stomachs contained pupae or larvae of Mocis 
latipes and 14% contained larvae of Melipotis ochrodes). 
Unlike Mocis latipes and Melipotis ochrodes. the caterpillars 
WeUppUe sp., HeUcthie sp. > Anticarsia aemmatalis. and Thecla 
simaethis vere seasonal and available for short periods. 
The differences in the species compostion of caterpillars in the 
stomachs of grackles and covbirds collected on the study area vas 
probably due to caterpillar availability and to bill morphology 
differences betveen grackles and covbirds. 
Mocis latioes forages on the blades of various species of grasses, 
primarily CenchrWB CiliariB, Panicum maximum. Bothriochloa pertusa. 
Chlorig inilata. Sgprobolns pvramidatus. Cynodon dactvlon. and 
Dichanthium annulatum. 
As vith other species of caterpillars, outbreaks of Mocis latioes 
and Melipotis ochrodes vere associated vith periods of rainfall. After 
sufficient amounts of cumulative rainfall, mesquite and grasses 
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sprouted new vegetation, adult moths laid eggs on the new vegetation, 
and within ca. 8-10 days icterids located the caterpillars. Icterids 
foraged on caterpillars as long as caterpillars were available. Larger 
(e.g. > 76.2 mm) amounts of rain were often sufficient to provide ample 
vegetation for more than one generation of moths. 
Repeated foraging on caterpillars associated vith mesquite wood­
land by Shiny Cowbirds, Yellow-shouldered Blackbirds, and Greater 
Antillean Grackles suggest that these birds have apparently adapted to 
these periodic infestations of Nocutid larvae and realize some benefits 
from associating together. Although protection from predators is 
possibly a major benefit of mixed-species flockB of foraging icterids 
in southwestern Puerto Rico, the birds may gain other advantages from 
such associations. Such benefits possibly include: increased foraging 
efficiency, social or observational learning of caterpillar outbreaks, 
and flock cohesion through social bonding. 
Shiny Cowbirds also foraged on the fruit of certain shrubs and 
grasses after sufficient rainfall <ca. 76.2 mm). Fruits of Cordis 
plobosa var. humilis and Turnefortia volubilis were the most frequently 
observed taken by Shiny Cowbirds. The berries of Cordia ploboea var. 
humilis appeared to be a preferred food when available. The grass 
seeds most frequently observed taken by Shiny Cowbirds were those of 
Brachiaria subauadrjparia and Panicum maximum. 
When drought conditions existed, Shiny Cowbirds were often found 
in residential or agricultural areas (e.g., at chicken pens adjacent to 
the Cabo Rojo National Wildlife Refuge, or the Boqueron Dairy), where 
they foraged on such food sources as waste corn or other grain. 
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grain. Additionally, cowbirds were located at this time in mesquite 
woodland where they often foraged on the flowers and foliage of 
mesquite. Shiny Cowbirds foraged on such food items until 
caterpillars, berries, and grass seeds again became available 
subsequent to sufficient cumulative rainfall, and the cycle would start 
anew. 
On average, Shiny Cowbirds spent approximately 687. of the time 
foraging, 31% of the time resting and preening, and about 1'/. of the 
time drinking and/or bathing. These results are comparable with 
studies involving other passerines. 
Nine incidences of an invitation to preen were observed between 
Shiny Cowbirds and Yellow-shouldered Blackbirds. Allopreening between 
cowbirds and blackbirds may be important in establishing and main­
taining flock order or in reducing aggression between flock members 
when feeding. 
Twenty-five separate incidences of sunbathing using the "lateral 
sunning position" was observed by Shiny Cowbirds. This behavior in 
Shiny Cowbirds in southwestern Puerto Rico probably assists with 
feather maintenance associated with molt. 
Patalgial markers assisted me in monitoring the habitat use and 
movements of Shiny Cowbirds in southwestern Puerto Rico. Because of 
their high visibility, patalgially marked cowbirds were often easy to 
follow and observe, and the markers did not appear to adversely affect 
the behavior or flight of cowbirds. Tag retention data indicates that 
the technique can be useful for long-term studies. 
Movements and habitat use of Shiny Cowbirds in southwestern Puerto 
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Rico are apparently dictated by food availability and food availability 
is apparently influenced by rainfall. Covbirds are opportunistic 
feeders and forage on what is available. 
MANAGEMENT RECOMMENDATIONS 
Shinv Covbirds 
Movements and habitat use of Shiny Covbirds in southwestern Puerto 
Rico appears to be dictated by lood availability and food availability 
is apparently dependent upon rainfall. Covbirds are opportunistic 
feeders and vill forage on vhat is available. Although my results 
indicate that the seasonal variation in covbird movements prohibits the 
identification of permanent locations that vould permit improved 
trapping success of covbirds, the folloving recommendations should be 
useful in the covbird removal program: 
1) Trapping efforts should be increased during periods of drought vhen 
caterpillars are not available and vhen covbirds are foraging on 
such foods as corn, or other waste grains, and the leaves and 
inflorescences of mesquite. 
2) At the end of the breeding season of most covbird hosts (i.e., 
approximately after 1 August), large concentrations of covbirds often 
occur that include numerous immatures. In most years these concen­
trations vill probably occur during a dry period vhen covbirds are 
concentrated at such areas as dairies, poultry pens, and pig pens. 




3) Immature birds probably learn the locations of baited traps by 
following adult male and female cowbirds to such areas. Consequently, 
I recommend that adult males should not be killed when trapped. 
Immature cowbirds could follow released adult males to traps and thus 
enhance removal efforts. Young cowbirds also probably learn the 
location of caterpillar outbreaks when the fall rainy season begins. 
It will probably be more difficult to attract cowbirds to traps once 
caterpillars become available. Thus, it is important to increase 
trapping efforts between the end of the breeding season of most cowbird 
hosts and the start of the fall rainy season. 
4) Because cowbirds probably learn the location of traps, I recommend 
that established traps not be moved to locations unfamilar to cowbirds. 
To increase trapping efforts, I suggest that new traps be constructed 
and placed at locations where cowbirds are known to concentrate. I 
recommend the following locations: a) the Corozo chicken pens adjacent 
to the refuge (pens at this location are covered with wire mesh almost 
identical in size to trap openings on the refuge; consequently, 
cowbirds feeding on corn at this location are accustomed to going in 
and out of the pens and could be easily attracted to a baited trap 
adjacent to the pens), b) in mesquite woodland ca. 0.5 km west of 
Papayo Salinas near La Parguera, and c) in mesquite woodland directly 
north of the Bahia Sucia roost and west of the fishermen's cooperative 
(although a trap has previously been used just east of the fishermen's 
cooperative, it is often not in operation). Cowbirds often shift their 
roosts and those that forage on the refuge or at adjacent chicken pens 
113 
frequently used the Bahia Sucla roost at night. A trap placed just 
vest of the fishermen's cooperative may be attractive to covbirds vhen 
they are using this roost. 
5) I recommend that larger traps (similar to those currently used on 
the Cabo Rojo National Refuge) and more live covbird decoys be used to 
attract birds. 
6) During periods of drought, vhen covbirds are foraging on cereal 
grains, the locations of covbird concentrations could be determined by 
talking to landovners vho have chickens or livestock. Researchers 
vorking on a covbird removal program should allocate part 
of their time contacting such individuals. 
Yellov-shouldered Blackbird and Mesquite Woodland 
My results suggest that Yellov-shouldered Blackbirds along vith 
other icterids in southvestern Puerto Rico have adapted to the cyclic 
abundance of caterpillars, especially in mesquite voodland. 
Consequently, I recommend that mesquite voodland in southvestern Puerto 
Rico be protected and managed to benefit the endangered Yellov-
shouldered Blackbird. Although fev large, contiguous stands of 
mesquite voodland (Fig. 26) remain in southvestern Puerto Rico, I found 
that this habitat is important to the blackbird. Unfortunately, one 
stand I observed blackbirds use (Fig. 6) has already been destroyed. 
Mesquite voodland adjacent to the DNR refuge vas cleared in July 1987 
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Figure 26. Viev of 
within Arroyo Cajul 
southwestern Puerto 
major remaining 
flood plain and 
Rico, 1988. 
stand of mesquite woodland 
proposed Voice of America site, 
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for the Monte Carlo Estates residential development (Fig. 27) without 
the proper permits (pers. commun., Felix Lopez, U.S. Fish and Wildlife 
Service, Caribbean Field Office, Boqueron, Puerto Rico, August 1987). 
Although mesquite woodland is an exotic habitat, it appears to be 
compatible with native ucar and Yellow-shouldered Blackbirds have 
apparently adapted to habitat changes and the periodic outbreaks of 
caterpillars associated with this ecosystem. Additionally, this 
habitat is apparently ecologically similar to the original grassland 
savannah of southwestern Puerto Rico. Icterid6 elsewhere have been 
shown to adapt to alterations of their native habitats. For example, 
because of the elimination of winter flooding, the drainage of marshes, 
and the cultivation of native prairies and alkali flats, Neff (1937) 
feared that the Tri-colored Blackbird (Apelaius tricolor? in California 
would be unable to adapt to these changes in its native habitat and 
would thus be in danger of extinction. Orians (1961), however, 
indicated that the Tri-colored Blackbird adjusted well to the 
conversion of its native habitats to croplands and added that it was 
"one of the passerines best adapted to utilize the abundant supply of 
insects in agricultural lands of the valleys of California during the 
breeding season." In Puerto Rico, the Yellow-shouldered Blackbird has 
not only benefited from mesquite woodland, but its survival may be 
partly dependent on the protection and proper management of this 
habitat. 
116 
Figure 27. Destruction of mesquite voodland for Monte Carlo Estates, 
adjacent to Puerto Rican Department of Natural Resources' Refugio de 
Aves, 15 July 1987. 
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I recommend that mesquite woodland in southwestern Puerto Rico be 
managed in the following manner: 
1) My research indicates that Yellow-shouldered Blackbirds and other 
icterids in southwestern Puerto Rico apparently benefit from an open 
underBtory and an open to semi-open overstory. Consequently, I 
recommend that cattle grazing be allowed and encouraged in tracts of 
mesquite woodland. Grazing enables mesquite woodland to remain in 
early successional stages by promoting grass reproduction and by 
preventing the establishment of unwanted shrubs. I noted that the 
availabiltiy of caterpillars to foraging icterids is often dictated by 
the grazing intensities within mesquite woodlands. In areas where 
grazing is heavy, caterpillars are available to icterids for shorter 
periods than areas where grazing is less intense. Thus, I recommend 
that, where possible, low intensity grazing intensity be promoted. 
2) Mesquite is an important source of charcoal and fence posts in 
southwestern Puerto Rico. Farmers often remove branches of suitable 
size from mesquite for posts and charcoal. Smaller branches are then 
trimmed and this debris is left on the ground. Trimming mesquite 
allows sunlight to reach the ground, thus promoting the growth of a 
grass understory. Because of the spines on the branches of mesquite, 
cattle are reluctant to graze on grasses protruding from such debris on 
the ground. The additional grass vegetation provides food for Mocis 
latipes. Icterids often use mesquite debris as perches to reach 
caterpillars on grass emerging from the brush piles (Fig. 28). I 
Figure 28. Brush piles often used for perches by foraging icterids 
when feeding on caterpillars, southwestern Puerto Rico, 1987-1988. 
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recommend that this practice be promoted. 
3) Mesquite should be regularly thinned. Studies in the southvestern 
United States indicate that if mesquite is not controlled by regular 
thinning, the species may take over areas and form dense thickets 
(e.g., Fisher et al. 1959). I recommend that mesquite woodland be 
maintained in a semi-open state with a predominantly grass understory. 
Such conditions approximate the native, grass savannahs that formerly 
occurred on the southern end of the island. 
4) Although drinking and bathing constituted only about IX of the daily 
activity budget of Shiny Covbirds, available fresh water is obviously 
important to cowbirds and other icterids in southwestern Puerto Rico. 
I did not record separate activity budgets for Yellow-shouldered 
Blackbirds, but blackbirds were often observed bathing and drinking 
with Shiny Cowbirds and Greater Antillean Grackles. 1 recommend that 
permanent sources of water be provided in mesquite woodland. Icterids 
apparently prefer drinking and bathing areas that a) enable birds to 
spot potential predators, b) are devoid of thick vegetation, c) provide 
water that is not too deep (i.e., water that is no deeper than the 
length of their legs, ca. 5 cm) (pers. obs.). Ponds or watering holes 
with gradually sloping banks seem to be preferred by icterids over 
those with steep banks (pers. obs.). It is possible that brush placed 
in ponds could be used by icterids for watering and bathing perches. 
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5) Mesquite woodland on the Cabo Rojo National Wildlife Refuge provides 
excellent potential habitat for the endangered Yellov-shouldered 
Blackbird. Although the proper grass hosts (i.e., Cenchrus ciliaris. 
Bothriochloa pertuaa. and Panicum maximum) exist in the understory of 
mesquite woodland, it is entirely too thick to be attractive to the 
blackbird. Additionally, because culms of CenchruB ciliaris are too 
old and woody, they provide little vegetation for Wocis latipes. 
Controlled burning would be effective in maintaining the grass at the 
correct density but would be harmful to the mesquite. In August 1988, 
a fire on the southern border of the refuge killed many of the mesquite 
(Fig. 29), and thus, controlled burning would probably be an inappro­
priate management tool. On one study site in Texas, mesquite (Prosopis 
velutina) had not reinvaded areas burned 15 years earlier (Humphrey 
1949). I recommend that the ground vegetation within mesquite woodland 
on the refuge be periodically mowed and disked, or that livestock be 
allowed to graze in these areas. 
6) Caterpillars associated with mesquite woodland apparently respond to 
cyclic periods of rainfall. During periods of drought adult moths 
possibly migrate from the arid southwestern coast, inland to areas of 
more abundant rainfall where vegetation is sufficient for moths to rear 
additional generations. When the dry southwestern coast again receives 
sufficient rainfall, vegetation responds to the moisture and sprouts new 
growth. I believe that adult moths then return to these areas, lay 
their eggs on the new vegetation and a new generation of caterpillars is 
initiated. 
Figure 29. Mesquite killed by fire, Cabo Rojo National Wildlife 
Refuge, August 1988. 
122 
After a rain of 279.4 mm in late August, I observed large numbers 
of caterpillars and numerous adult moths. Two peaks In rainfall occur 
in southwestern Puerto Rico (Fig. 30, Cook & Gleason 1928; Garcia-
Molinari 1952). The first, which usually occurs in May (Fig. 30), 
coincides with the breeding season of the Yellow-shouldered Blackbird. 
In some years, however, no peak is received in May, or it is delayed 
until June (e.g., 1987). Consequently, if there is insufficient 
rainfall, caterpillars associated with mesquite woodland (especially 
those species that feed on grasses) may be unavailable to nesting 
blackbirds. Although blackbirds may find alternate prey for nestlings 
during such conditions, the availability of an abundance of such 
species as MociB latipes and Melipotis ochrodes could insure nest 
success and juvenile survival. By irrigating mesquite woodland during 
periods of drought, it may be possible to attract adult moths of Mocis 
latipes and Melipotis ochrodes to mesquite woodland, where they can 
rear successive generations of caterpillars. If this is done during 
the breeding season of the blackbird and if the blackbird can locate 
the caterpillars, an abundant food source would be available to 
blackbird nestlings. I recommend that such an experiment be attempted 
on the Cabo Rojo National Wildlife Refuge. If the experiment is 
successful, other mesquite woodlands could be managed in a similar 
manner. 
Mesquite woodland on the refuge should be irrigated sometime 
between April and June, when drought conditons exist. This is an 
important consideration. If mesquite woodland is irrigated during a 
wet period, caterpillar outbreaks would be widespread and it would 
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Figure 30. Average monthly rainfall, Cabo Rojo National Wildlife 
Refuge, 1981-1989, showing May and fall peaks, southwestern Puerto 
Rico. 
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therefore be difficult to attract blackbirds solely to the refuge. 
Under such conditions, blackbirds vould probably forage on caterpillars 
closer to traditional breeding areas and roost sites. Water for 
irrigation on the refuge could be obtained from an existing veil near 
the western border of the refuge. Adult moths of Mocis latipes and 
Melipotis ochrodes may return to breed in areas where they foraged as 
larvae. If so, it may be possible to increase the chances that adult 
moths return to the refuge when grasses are irrigated by obtaining 
numerous larvae from other areas during wet periods (when caterpillars 
are abundant) and transplanting them onto grasses on the refuge. 
7) If attempts to attract adult moths of Mocis latipes and Welipotis 
ochrodes to irrigated mesquite woodland on the refuge are successful, 
then Yellow-shouldered Blackbirds may be attracted to the new 
food source. If the blackbirds can be attracted to the refuge during 
their breeding season, it may be possible to induce the blackbirds to 
nest on the refuge. This can be attempted by placing artificial nest 
sites in mesquite and ucars adjacent to areas that have caterpillars. 
8) The thick stands of Cenchrus ciliaris. Bothriochloa pertusa. Panicum 
maximum, and other understory vegetation on the refuge apparently 
provide ideal habitat for the small Indian mongoose. The high density 
of this mammalian predator may be potentially harmful to foraging and 
nesting Yellow-shouldered Blackbirds (Post and Wiley 1976). Conse­
quently, I recommend that a trapping program be initiated -feo reduce the 
high density of mongooses on the refuge. Additionally, I recommend 
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that at least a 20-30 meter buffer zone be established between 
unmanaged sections of mesquite woodland and irrigated areas. This zone 
would assist icterids foraging on the ground to spot a mongoose. The 
zones could be maintained by frequent mowing. 
9) It is probably impossible to attract the Yellow-shouldered Blackbird 
to irrigated areas of mesquite on the Cabo Rojo National Wildlife 
Refuge without also attracting Greater Antillean Grackles and Shiny 
Cowbirds. If so, trapping of cowbirds should be considered during such 
periods. Additionally, Yellow-shouldered Blackbirds trapped at the 
same time could be banded and released. 
10) Cook and Gleason (1928) stated that ucar was the climax species in 
many areas of southwestern Puerto Rico. Because it is used by black­
birds for nesting in upland areas (Post 1981; probably more frequently 
formerly than currently reported), ucar is an important component of 
mesquite woodland. I could find no data indicating that the exotic 
mesquite is a harmful competitor to the native ucar. Although I 
believe that the two species are possibly compatible, additional 
research is needed to evaluate potential competitive interactions. 
Recently, a planting program of ucar was initiated on the Cabo Rojo 
National Wildlife Refuge. I recommend that this program be continued 
and expanded and that ucar be protected. 
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Coastal Scrub 
Much of the acreage between areas adjacent to the Pitahaya Roost 
and La Parguera is dominated by thick, coastal scrub. According to 
Cook and Gleason (1928), this area was formerly an ucar climax forest 
that reverted to the present habitat when the area was cleared for 
agriculture and pasture. During my study, 1 rarely observed icterids 
in this habitat. Blackbirds could probably benefit from such areas if 
these areas were bulldozed, and replaced with an ucar/mesquite woodland 
with a predominantly grass understory. I recommend that Section 7 
consultations be initiated to determine if such management recommen­
dations pose a threat to the endangered blackbird. Because coastal 
scrub provides poor forage for cattle, managing such areas for the 
blackbird would benefit local ranchers as well. 
Threat of Pesticides to the Yellow-shouldered Blackbird 
No data exist to determine whether the pesticides currently used 
on cultivated crops in southwestern Puerto Rico are harmful to the 
endangered blackbird. Blackbirds that forage on caterpillars 
contaminated with organophosphates or carbamates could potentially 
suffer ill side effects, especially from the inhibition of brain 
cholinesterase levels. I recommend that research be initiated to 
determine if cholinesterase levels in blackbirds are being depressed 
due to pesticide posioning. Because of their abundance and frequent 
association with blackbirds, cowbirds and grackles would make excellent 
surrogates for such a study. 
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Proposed Voice of America Site 
In 1986-87, the United States federal government (Army Corps of 
Engineers, Jacksonville, Florida) proposed that land northwest of the 
Pitahaya Roost be considered as a possible site for the construction of 
a Voice of America radio relay station. Host of the proposed site 
overlaps mesquite woodland that I found to be important to icterids in 
southwestern Puerto Rico. In 1986, Mantek Services Inc.-South 
Carolina, 1007 Bankton Drive, Hanahan, South Carolina 29406, was 
contracted to assess the importance of the land under consideration to 
the endangered Yellow-shouldered Blackbird. Because Mantek's study was 
conducted from January through August, prior to the fall rainy season, 
the company's staff was unable to observed icterids foraging on 
caterpillars associated with the grass understory of mesquite woodland 
following sufficient rain. Consequently, Mantek (unpub. report) 
concluded that upland areas (including mesquite woodland) were not 
important to the blackbird and further recommended that: 1) grazing be 
terminated and 2) watering areas be eliminated. Such recommendations 
are not compatible with the results of my study. I believe that 
mesquite woodland northwest of the Pitahaya Roost is extremely 
important to the Yellow-shouldered Blackbird and that it should be 
managed to benefit the species. Because my research indicates that 
this area is important to the blackbird, it is my opinion that approval 
of the proposed Voice of America site and accompanying towers would 
seriously jeopardize the species. 
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Patagial tag and U. S. Fish and Wildlife Service 
aluminum leg band numbers, and date of release for 
male Shiny Covbirds, southwestern Puerto Rico, 1987 
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Appendix A. Hale Shiny Covbird band and patalgial marker numbers, age, 
and release date, southwestern Puerto Rico, 1987. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
A 1 942-50678 2nd 7 May 
A 2 942-50614 Adult 7 May 
A 3 942-50612 2nd 7 May 
A 4 942-50701 2nd 7 May 
A 5 942-50623 2nd 7 May 
A 6 942-50702 2nd 7 May 
A 7 942-50548 2nd 7 May 
A 8 942-50662 2nd 7 May 
A 9 942-50638 2nd 7 May 
A 10 942-50671 2nd 7 May 
A 11 942-50549 2nd 7 May 
A 12 942-50657 2nd 7 May 
A 13 942-50656 2nd 7 May 
A 14 942-50610 2nd 7 May 
A 15 942-50690 Adult 7 May 
A 16 942-50670 2nd 7 May 
A 17 942-50540 2nd 7 May 
A 18 942-50664 2nd 7 May 
A 19 862-34186 Adult 7 May 
A 20 942-50524 2nd 7 May 
A 21 942-50562 2nd 1 June 
A 22 942-50605 1st 1 June 
A 23 942-50653 2nd 14 June 
A 24 942-50601 Adult 14 June 
A 25 942-50742 1st 14 June 
A 26 942-50744 1st 14 June 
A 27 942-50752 1st 20 July 
A 28 942-50741 1st 20 July 
A 29 942-50753 1st 20 July 
A 30 942-50755 1st 6 August 
A 31 942-50943 Adult 7 August 
A 32 942-50945 1st 7 August 
A 33 942-50948 1st 8 August 
A 34 942-50962 Adult 10 August 
A 35 942-50964 1st 10 August 
A 36 942-50966 1st 10 August 
A 37 942-50975 1st 11 August 
A 38 942-50994 2nd 12 August 
A 39 - 1st 13 August 
B 1 942-50704 2nd 6 May 
B 2 942-50693 2nd 6 May 
B 3 942-50617 2nd 6 May 
B 4 942-50648 2nd 6 May 
146 
Appendix A. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
B 5 942-50708 2nd 6 Hay 
B 6 942-50709 2nd 6 Hay 
B 7 942-50541 2nd 6 Hay 
B 6 942-50646 2nd 6 Hay 
B 9 942-50676 2nd 6 Hay 
B 10 942-50651 Adult 6 Hay 
B 11 942-50710 2nd 6 Hay 
B 12 942-50583 2nd 6 Hay 
B 13 942-50631 2nd 6 Hay 
B 14 942-50650 2nd 6 Hay 
B 15 942-50584 2nd 6 Hay 
B 16 942-50691 2nd 6 Hay 
B 17 942-50673 2nd 6 Hay 
B 18 942-50712 1st 6 Hay 
B 19 942-50570 2nd 6 Hay 
B 20 942-50652 2nd 6 Hay 
B 21 942-50713 Adult 6 Hay 
B 22 942-50593 2nd 6 Hay 
B 23 942-50714 2nd 6 Hay 
B 24 942-50618 2nd 6 Hay 
B 25 942-50506 2nd 6 Hay 
B 26 942-50532 2nd 7 Hay 
B 27 942-50698 2nd 7 Hay 
B 28 942-50658 Adult 7 Hay 
B 29 942-50588 2nd 7 Hay 
B 30 942-50539 2nd 7 Hay 
B 31 942-50733 2nd 29 Hay 
B 32 942-50722 1st 29 Hay 
B 33 942-50681 2nd 29 Hay 
B 34 942-50728 2nd 29 Hay 
B 35 942-50725 Adult 29 Hay 
B 36 942-50720 1st 29 Hay 
B 37 942-50734 2nd 29 Hay 
B 38 862-34191 Adult 29 Hay 
B 39 942-50729 2nd 29 Hay 
B 40 942-50732 2nd 29 Hay 
B 41 942-50731 2nd 29 Hay 
B 42 942-50698 2nd 14 June 
B 43 942-50749 2nd 14 June 
B 44 942-50750 1st 14 June 
B 45 942-50730 2nd 14 June 
B 46 942-50724 1st 20 July 
B 47 942-50644 1st 20 July 
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Appendix A. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
B 48 942-50756 1st 6 August 
B 49 942-50758 1st 6 August 
B 50 942-50719 2nd 6 August 
B 51 942-50760 1st 6 August 
B 52 942-50761 2nd 6 August 
B 53 942-50763 1st 6 August 
B 54 942-50770 1st 6 August 
B 55 942-50771 1st 6 August 
B 56 942-50772 1st 6 August 
B 57 942-50777 1st 6 August 
B 58 942-50778 1st 6 August 
B 59 942-50559 2nd 6 August 
B 60 942-50780 1st 6 August 
B 61 942-50781 1st 7 August 
B 62 942-50782 1st 7 August 
B 63 942-50787 1st 7 August 
B 64 942-50790 1st 7 August 
B 65 942-50791 1st 7 August 
B 66 942-50793 1st 7 August 
B 67 942-50794 2nd 7 August 
B 66 942-50797 1st 7 August 
B 69 942-50800 1st 7 August 
B 70 942-50928 1st 7 August 
B 71 942-50930 1st 7 August 
B 72 942-50931 1st 7 August 
B 73 942-50934 1st 7 August 
B 74 942-50936 1st 7 August 
B 75 942-50938 1st 7 August 
B 76 942-50947 1st 8 August 
B 77 942-50951 1st 9 August 
B 78 942-50960 1st 10 August 
B 79 942-50973 1st 11 August 
B 80 942-50979 1st 12 August 
B 81 942-50983 1st 12 August 
B 82 942-50984 1st 12 August 
B 83 942-50989 Adult 12 August 
B 84 942-50990 Adult 12 August 
B 85 942-50991 1st 12 August 
B 86 942-50997 1st 12 August 
B 87 - 1st 14 August 
B 88 - 1st 14 August 
B 89 - 1st 14 August 
B 90 942-50887 2nd 16 August 
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Appendix A. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
B 91 942-50884 1st 16 August 
B 92 942-50893 1st 16 August 
B 93 942-50890 1st 16 August 
B 94 942-50886 2nd 16 August 
B 95 942-50889 1st 16 August 
B 96 942-50872 1st 16 August 
B 97 942-50891 1st 16 August 
B 98 862-34180 Adult 16 August 
B 99 942-50873 Adult 16 August 
C 1 942-50597 2nd 6 Hay 
C 2 , 942-50681 2nd 6 Nay 
C 3 942-50519 2nd 6 Hay 
C 4 942-50557 2nd 6 Hay 
C 5 942-50552 2nd 6 Hay 
C 6 942-50599 2nd 6 Hay 
C 7 942-50615 2nd 6 Hay 
C 8 942-50684 2nd 6 Hay 
C 9 942-50579 2nd 6 Hay 
C 10 942-50547 2nd 6 Hay 
C 11 942-50594 Adult 6 Hay 
C 12 942-50568 2nd 6 Hay 
C 13 942-50606 2nd 6 Hay 
C 14 942-50514 2nd 6 Hay 
C 15 942-50585 2nd 6 Hay 
C 16 942-50590 2nd 6 Hay 
C 17 942-50680 2nd 6 Hay 
C 18 942-50578 2nd 6 Hay 
C 19 942-50643 2nd 6 Hay 
C 20 942-50565 2nd 6 Hay 
C 21 942-50633 2nd 6 Hay 
C 22 942-50563 2nd 6 Hay 
C 23 942-50721 2nd 29 Hay 
C 24 942-50738 2nd 29 Hay 
C 25 942-50739 2nd 29 Hay 
C 26 942-50567 2nd 20 July 
C 27 942-50645 2nd 20 July 
C 28 942-50580 2nd 20 July 
C 29 942-50558 2nd 20 July 
C 30 942-50672 2nd 20 July 
C 31 942-50882 1st 16 August 
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Appendix B. Female Shiny Covbird band and patalgial marker numbers, 
age, and release date, southwestern Puerto Rico, 1987. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
A 1 942-50602 2nd 7 May 
A 2 942-50636 2nd 7 May 
A 3 942-50689 Adult 7 May 
A 4 942-50556 2nd 7 May 
A 5 942-50703 2nd 7 May 
A 6 942-50513 2nd 7 May 
A 7 942-50700 2nd 7 May 
A 8 942-50609 2nd 7 May 
A 9 942-50637 2nd 7 May 
A 10 942-50507 2nd 7 May 
A 11 942-50715 2nd 7 May 
A 12 942-50687 2nd 7 May 
A 13 942-50655 2nd 7 May 
A 14 942-50622 2nd 7 May 
A 15 862-34611 2nd 7 May 
A 16 942-50527 2nd 7 May 
A 17 942-50663 2nd 7 May 
A 18 942-50523 Adult 7 May 
A 19 942-50695 2nd 7 May 
A 20 942-50639 2nd 7 May 
A 21 942-50679 2nd 7 May 
A 22 942-50696 2nd 7 May 
A 23 942-50531 2nd 7 May 
A 24 942-50665 2nd 7 May 
A 25 942-50699 2nd 7 May 
A 26 942-50555 2nd 7 May 
A 27 942-50635 2nd 7 May 
A 28 942-50607 2nd 7 May 
A 29 942-50716 2nd 7 May 
A 30 942-50740 2nd 1 June 
A 31 942-50754 1st 20 July 
A 32 942-50723 2nd 7 August 
A 33 942-50941 1st 7 August 
A 34 942-50942 1st 7 August 
A 35 942-50944 1st 7 August 
A 36 942-50952 1st 9 August 
A 37 942-50953 1st 9 August 
A 38 942-50954 1st 9 August 
A 39 942-50955 1st 9 August 
A 40 942-50956 1st 9 August 
A 41 942-50625 2nd 10 August 
A 42 942-50963 Adult 10 August 
A 43 942-50965 2nd 10 August 
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Appendix B. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
A 44 942-50967 1st 10 August 
A 45 942-50968 2nd 10 August 
A 46 942-50976 1st 11 August 
A 47 942-50977 Adult 11 August 
A 48 - 1st 13 August 
A 49 - 1st 13 August 
A 50 - 2nd 14 August 
A 51 - Adult 14 August 
A 52 - 1st 14 August 
B 1 942-50705 2nd 6 Hay 
B 2 942-50674 2nd 6 Hay 
B 3 942-50707 2nd 6 Hay 
B 4 942-50512 2nd 6 Hay 
B 5 942-50619 2nd 6 Hay 
B 6 942-50586 2nd 6 Hay 
B 7 942-50598 2nd 6 Hay 
B 8 942-50627 Adult 6 Hay 
B 9 942-50660 2nd 6 Hay 
B 10 942-50694 2nd 6 Hay 
B 11 942-50543 2nd 6 Hay 
B 12 942-50654 2nd 6 Hay 
B 13 942-50626 2nd 6 Hay 
B 14 942-50630 2nd 6 Hay 
B 15 942-50711 2nd 6 Hay 
B 16 942-50692 2nd 6 Hay 
B 17 942-50564 2nd 6 Hay 
B 18 942-50624 2nd 6 May 
B 19 942-50667 2nd 6 Hay 
B 20 942-50537 2nd 7 Hay 
B 21 942-50589 2nd 29 Hay 
B 22 942-50723 1st 29 Hay 
B 23 942-50727 2nd 29 Hay 
B 24 942-50736 1st 29 Hay 
B 25 942-50735 2nd 29 Hay 
B 26 942-50634 2nd 29 Hay 
B 27 942-50587 2nd 29 Hay 
B 28 942-50603 2nd 29 Hay 
B 29 942-50632 2nd 29 Hay 
B 30 942-50647 1st 20 July 
B 31 942-50745 1st 20 July 
B 32 942-50748 1st 20 July 
B 33 942-50747 2nd 20 July 
B 34 942-50649 1st 20 July 
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Appendix B. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
B 35 942-50746 1st 20 July 
B 36 942-50757 1st 6 August 
B 37 942-50759 1st 6 August 
B 36 942-50762 1st 6 August 
B 39 942-50764 1st 6 August 
B 40 942-50765 2nd 6 August 
B 41 942-50766 1st 6 August 
B 42 942-50767 1st 6 August 
B 43 942-50768 2nd 6 August 
B 44 942-50769 1st 6 August 
B 45 942-50773 1st 6 August 
B 46 942-50774 1st 6 August 
B 47 942-50775 l8t 6 August 
B 48 942-50776 2nd 6 August 
B 49 942-50779 1st 6 August 
B 50 - 1st 6 August 
B 51 942-50783 1st 7 August 
B 52 942-50784 1st 7 August 
B 53 942-50785 1st 7 August 
B 54 942-50786 1st 7 August 
B 55 942-50788 1st 7 August 
B 56 942-50789 1st 7 August 
B 57 - 1st 7 August 
B 58 942-50792 1st 7 August 
B 59 942-50795 1st 7 August 
B 60 942-50796 1st 7 August 
B 61 942-50798 1st 7 August 
B 62 942-50799 1st 7 August 
B 63 942-50927 1st 7 August 
B 64 942-50929 1st 7 August 
B 65 942-50932 1st 7 August 
B 66 942-50933 1st 7 August 
B 67 942-50935 1st 7 August 
B 68 942-50937 1st 7 August 
B 69 942-50939 1st 7 August 
B 70 942-50940 1st 7 August 
B 71 942-50946 1st 7 August 
B 72 942-50949 2nd 9 August 
B 73 942-50950 1st 9 August 
B 74 942-50957 1st 10 August 
B 75 942-50958 1st 10 August 
B 76 942-50959 1st 10 August 
B 77 942-50961 1st 10 August 
Appendix B. Continued. 
Patalgial 
Marker No. USPWS Band No. Age Release Date 
B 78 942-50969 1st 10 August 
B 79 942-50970 1st 10 August 
B 80 942-50971 1st 10 August 
B 81 942-50972 1st 10 August 
B 82 942-50974 1st 10 August 
B 83 942-50978 2nd 12 August 
B 84 942-50980 2nd 12 August 
B 85 942-50981 1st 12 August 
B 86 942-50982 1st 12 August 
B 87 942-50985 2nd 12 August 
B 88 942-50986 2nd 12 August 
B 89 942-50987 2nd 12 August 
B 90 942-50988 1st 12 August 
B 91 942-50992 1st 12 August 
B 92 942-50993 1st 12 August 
B 93 942-50995 1st 12 August 
B 94 942-50996 1st 12 August 
B 95 942-50998 1st 12 August 
B 96 942-50999 2nd 13 August 
B 97 942-51000 1st 13 August 
B 98 - 1st 14 August 
B 99 942-50550 2nd 15 August 
C 1 871-35718 Adult 6 May 
C 2 942-50620 2nd 29 May 
C 3 942-50530 2nd 6 May 
C 4 942-50526 2nd 6 May 
C 5 942-50595 2nd 6 May 
C 6 942-50535 2nd 6 May 
C 7 942-50640 2nd 6 May 
C 8 942-50613 2nd 6 May 
C 9 942-50616 2nd 6 May 
C 10 942-50628 2nd 6 May 
C 11 942-50573 2nd 6 May 
C 12 942-50682 2nd 6 May 
C 13 942-50642 2nd 6 May 
C 14 942-50596 2nd 6 May 
C 15 942-50577 2nd 6 May 
C 16 942-50566 2nd 6 May 
C 17 942-50551 2nd 6 May 
C 18 942-50517 2nd 6 May 
C 19 942-50608 2nd 6 May 
C 20 942-50683 2nd 6 May 
C 21 942-50561 2nd 6 May 
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Appendix B. Continued. 
Patalgial 
Marker No. USFWS Band No. Age Release Date 
C 22 942-50510 2nd 6 Hay 
C 23 942-50575 2nd 6 Hay 
C 24 942-50641 Adult 6 Hay 
C 25 942-50735 Adult 6 Hay 
C 26 942-50660 2nd 6 Hay 
C 27 942-50685 2nd 6 Hay 
C 26 942-50569 2nd 6 Hay 
C 29 942-50600 2nd 6 Hay 
C 30 942-50560 2nd 6 Hay 
C 31 942-50737 2nd 29 Hay 
C 32 942-50518 2nd 30 Hay 
C 33 - 1st 13 August 
C 34 - 1st 15 August 
C 35 - 1st 15 August 
C 36 - 1st 16 August 
C 37 942-50879 2nd 16 August 
C 38 942-50878 1st 16 August 
C 39 942-50885 2nd 16 August 
C 40 - 1st 16 August 
C 41 - 2nd 16 August 
C 42 942-50875 1st 16 August 
C 43 942-50892 2nd 16 August 
C 44 952-17001 1st 16 August 
C 45 942-50881 2nd 16 August 
C 46 - 2nd 16 August 
C 47 942-50880 2nd 16 August 
C 48 - 1st 16 August 
C 49 942-50883 1st 16 August 
C 50 - 1st 16 August 
C 51 942-50874 2nd 16 August 
C 52 942-50889 2nd 16 August 
C 53 942-50876 1st 16 August 
C 54 942-50877 2nd 16 August 
C 55 942-50888 2nd 16 August 
C 56 - 1st 16 August 
C 57 - 1st 16 August 
C 58 - 1st 16 August 
C 59 - 1st 16 August 
C 60 942-50515 2nd 30 September 
C 61 942-50751 1st 3 November 
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Appendix C. Habitat use by Shiny Covbirds (minutes and percent of 
observation), southwestern Puerto Rico, 10 Hay- 28 November 1987 
(n= 45,744 minutes; ca. 762 hrs.). 
Littoral 
Woodland, 
Mesquite Residential Open Mangrove, 
Woodland or Apricul. Field Or Scrub 
Period min. % min. 7. min. X min. X 
31 May-6 June 827 45 0 0 0 0 1,001 55 
7-13 June 2, 705 98 0 0 0 0 54 2 
14-20 June 584 96 0 0 0 0 24 4 
21-27 June 964 100 0 0 0 0 0 0 
28 June-4 July 2,172 93 49 2 0 0 117 5 
5-11 July 2, 249 97 0 0 0 0 71 3 
12-18 July 2, 328 94 8 <1 136 6 16 <1 
19-25 July 1,395 87 39 2 93 6 81 5 
26 July-1 Aug. 1,553 89 16 1 99 6 82 4 
2-8 Aug. 1,485 86 17 1 203 12 27 1 
9-15 Aug. 1,164 80 144 10 137 9 13 1 
16-22 Aug. - - - - - - - -
23-29 Aug. - - - - - - - -
30 Aug.-5 Sep. 1,130 57 776 39 62 3 32 1 
6-12 Sep. 1,081 33 2, 221 67 0 0 0 0 
13-19 Sep. 1,271 56 447 19 513 23 40 2 
20-26 Sep. 1,850 72 735 28 0 0 0 0 
27 Sep.-3 Oct. 1,964 76 613 24 0 0 1 <1 
4-10 Oct. 2,182 90 234 10 0 0 0 0 
11-17 Oct. 1,283 75 412 25 0 0 0 0 
18-24 Oct. 1,537 71 629 29 0 0 0 0 
25-31 Oct. 440 44 560 56 0 0 0 0 
1-7 Nov. 1,023 60 683 40 2 <1 7 <1 
8-14 Nov. 1,057 55 855 45 0 0 2 <1 
15-21 Nov. 1,232 68 493 27 0 0 80 5 
22-28 Nov. 439 99 0 0 0 0 5 1 
Totals 33,915 74.14 8,931 19.52 1245 2.72 1,653 3.62 
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Appendix D. Prey items of Shiny Covbirds (minutes and percent of observation), 
southwestern Puerto Rico, 10 May- 28 November 1987 (n= 29,298 minutes; ca. 488 
hrs.). 
Flowers & 
Foliage of Corn & 
Caterpillars Berries Seeds Nesquite Grain 
Period min. % min. 7, min. X min. % min. X 
31 May-6 June 1,007 100 - - - - - 0 - 0 
7-13 June 1,367 100 - - - - - 0 - 0 
14-20 June 494 96 18 4 - - - 0 - 0 
21-27 June 645 96 26 4 - - - 0 - 0 
28 June-4 July 740 56 551 42 - - - 2 20 2 
5-11 July 1,807 94 122 6 2 <1 - 0 - 0 
12-18 July 894 82 57 5 144 13 - 0 - 0 
19-25 July 662 81 20 2 72 9 35 4 33 4 
26 July-1 Aug. 276 56 38 7 176 35 - 2 7 2 
2-8 Aug. 559 68 53 7 191 23 - 2 17 2 
9-15 Aug. 236 23 13 2 291 28 321 31 67 16 
30 Aug.-5 Sep. - 0 - 4 62 4 712 46 772 50 
6-12 Sep. - 0 - 0 - 0 371 16 1,900 84 
13-19 Sep. 409 24 - 0 - 0 777 46 515 30 
20-26 Sep. 837 44 - 0 112 7 215 12 633 37 
27 Sep.-3 Oct. 1,186 66 - 0 - 0 93 5 525 29 
4-10 Oct. 1,547 86 25 1 21 1 - 0 208 12 
11-17 Oct. 766 68 44 4 62 5 - 0 287 23 
18-24 Oct. 638 42 74 5 255 17 5 <1 559 36 
25-31 Oct. 182 24 86 11 113 5 - 0 388 50 
Appendix D. Continued. 
Flowers & 
Foliage of Corn & 
Caterpillars Berries Seeds Nesquite Grain 
Period min. */. min. 7. min. X min. 7. min. X 
1-7 Nov. 158 12 187 14 273 21 Ill 8 584 45 
8-14 Nov. 384 31 58 5 57 5 - 0 715 59 
15-21 Nov. 588 49 149 12 54 5 - 0 404 34 
22-28 Nov. 173 89 22 11 1 <1 - 0 0 
Totals 15, 555 53.09 1,543 5.27 1,886 6.44 2,680 9.15 7,634 26.05 
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Appendix E. Weekly rainfall at the Cabo Rojo National Wildlife Refuge, 
southwestern Puerto Rico, 3 May- 28 November 1987. 
Rainfall 
Week Period mm (inches) 
3-9 May 5. 59 (0. 22) 
10-16 May 11. 94 <0. 47) 
17-23 May 12. 19 <0. 48) 
24-30 May 38. 66 (1. 53) 
31 May-6 June 99. 06 (3. 90) 
7-13 June 0. 00 (0. 00) 
14-20 June 0. 00 (0. 00) 
21-27 June 122. 43 (4. 82) 
28 June-4 July 1. 27 (0. 05) 
5-11 July 0. 76 (0. 03) 
12-18 July 0. 00 (0. 00) 
19-25 July 8. 38 (0. 33) 
26 July-1 August 3. 56 CO. 14) 
2-8 August 0. 00 (0. 00) 
9-15 August 0. 00 (0. 00) 
16-22 August 14. 99 (0. 59) 
23-29 August 19. 56 (0. 77) 
30 August-5 September 42. 16 (1. 66) 
6-12 September 3. 05 (0. 12) 
13-19 September 27. 69 (1. 09) 
20-26 September 56. 39 (2. 22) 
27 September-3 October 2. 79 (0. 11) 
4-10 October 8. 64 (0. 34) 
11-17 October 0. 00 (0. 00) 
18-24 October 29. 72 (1. 17) 
25-31 October 43. 69 <1. 72) 
1-7 November 37. 59 (1. 48) 
8-14 November 4. 32 (0. 17) 
15-21 November 3. 30 (0. 13) 
22-28 November 239. 52 (9. 43) 
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Appendix F. Activity budgets (minutes and percent of observation) 
for Shiny Covbirds, southwestern Puerto Rico, 1987 (n= 50,597 
minutes; ca. 843 hrs.). 
Behavior 
Preening Drinking 
Period Foraging & Resting & Bathing 
Min. % Min. X Min. % 
31 May-6 June 1,651 76 513 24 21 <1 
7-13 June 2, 391 77 703 23 6 <1 
14-20 June 628 86 101 14 0 0 
21-27 June 705 76 221 24 2 <1 
28 June-4 July 1,725 59 1,146 39.4 46 1.6 
5-11 July 2, 080 67 972 31 66 2 
12-18 July 1,343 61 832 38 21 1 
19-25 July 1,099 65 580 35 8 <1 
26 July-1 Aug. 780 47 850 52 20 1 
2-8 Aug. 1,337 67 629 31 38 2 
9-15 Aug. 1,439 69 614 30 25 1 
30 Aug.-5 Sep. 1,707 75 573 25 13 <1 
6-12 Sep. 2, 650 68 1,181 30.5 58 1.5 
13-19 Sep. 1,775 70 766 30 8 <1 
20-26 Sep. 1,972 72 788 28 16 <1 
27 Sep.-3 Oct. 1,888 72 738 28 8 <1 
4-10 Oct. 1,861 73 684 27 21 <1 
11-17 Oct. 1,174 67 605 33 11 <1 
18-24 Oct. 1,644 64 910 36 11 <1 
25-31 Oct. 904 74 322 26 3 <1 
1-7 Nov. 1,327 70 574 30 8 <1 
8-14 Nov. 1,241 64 681 26 16 <1 
15-21 Nov. 1,211 65 650 35 6 <1 
Totals 34,532 68 15,633 31 432 1 
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Appendix G. Caterpillar collections (including species and collection number), habitat, species and 
substrate of host plants, location and date, southwestern Puerto Rico, 1987-1988. 
Collection Species of Host 
Number Date Caterpillar Habitat Plant Substrate Location 
12SZ 
8 June HeliootiB mesquite Prppqpj.g bark and 
ochrodes woodland pallida crevices 
Cabo Rojo NWR, ca. 2.5 KM 
SW of inter, of Rts. 303 & 
301. 
23 June Melipotis mesquite Prosopis bark and 
ochrodes woodland pallida crevices 
Ca. 1.5 KM NW of inter, of 
Rts. 303 & 301. 
8 July Helioptis mesquite Prosopis bark and 
ochrodes woodland pallida crevices 
Ca. 4 KH NW of inter, of 
Rts. 303 & 301, proposed 
V0A site. 
11 July Melipotis mesquite Prosopis bark and 
ochrodes woodland pallida crevices 
Ca. 5 KH SE of inter, of 
Rts. 303 & 301, proposed 
V0A site. 
17 July Heliootis mesquite Prosopis bark and 
ochrodes woodland pallida crevices 
Ca. 4 KH SE of inter, of 
Rts. 303 & 301, proposed 
V0A site. 
14 August Helipotis mesquite Prosopis bark and 
ochrodes woodland pallida crevices 
Ca. 4 KH SE of inter, of 
Rts. 303 & 301, proposed 
V0A site. 
Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
iaaz 
7 17 September Melipotis mesquite 
ochrodea woodland 
8 29 September Melipotis mesquite 
ochrodea woodland 
9 5 October Melipotis mesquite 
ochrodea woodland 
10 13 October Melipotis mesquite 
ochrodea woodland 






















bark and Ca. 2 KM SG of inter, of 
crevices Rts. 303 & 301, proposed 
VOA site. 
bark and Ca. 2 KH EHE of Ls 
crevices Pargurea. 
bark and Ca. 4.5 KM SE of inter, of 
crevices Rts. 303 & 301, proposed 
VOA site. 
bark and Ca. 2.5 KM ENE of La 
crevices Parguera. 
leaf Cabo Rojo NWR, ca. 2.5 KM 




Ca. 4 KM SE of inter, of 
Rts. 303 & 301. 
ON 
ON 
Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
1987 






























Ca. 5 KH SE of inter. 






Ca. 3 KH ENE of inter. 







Ca. 1.5 KH NW of inter. 






Ca. 4 KH SE of inter, of 
Rts. 303 & 301, proposed 





Ca. 4 KH SSE inter, of 
Rts. 303 & 301 and ca. 
1 KH of Punta Holino, 
proposed V0A site. 
ON 
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Collection Species of 
Number Date Caterpillar Habitat 
19B7 






























leaf Ca. 2.75 KM ESE of inter, 
blades of Rts. 303 & 301. 
leaf Ca. 4.5 KM SE of inter, of 
blades Rts. 303 & 301, proposed 
V0A site. 
leaf Ca. 5 KM SE of inter, of 
blades 303 & 301. 
leaf Ca. 3 KM SE of inter, of 
blades Rts. 303 & 301, proposed 
V0A site. 
00 
Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
1987 
22 10 October Spodoptera mesquite 
fruaiperda woodland 
23 5 October Spodoptera mesquite 
fruaiperda woodland 
24 15 November Spodoptera mesquite 
fruaiperda woodland 
25 12 October Spodoptera mesquite 
fruaiperda woodland 
















Ca. 5 KM SE of inter. 




Ca. 4.5 KM SE of inter, of 








Ca. 3 KM SE of inter, of 




Ca. 5 KM SE of inter, of 
Rts. 303 & 301. 
Bothriochloa leaf 
pertusa blades 
Ca. 4 KM SE of inter, of 




Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
1987 
27 15 November Saodoptera mesquite 
sunia woodland 
28 23 June Spodoptera 
gyinia 






30 12 November Saodoptera mesquite 
latisfacia woodland 





















leaf Ca. 3 KM SE of inter, of 
blades Rts. 303 & 301, proposed 
VOA site. 
leaf Ca. 1.5 KM NW of inter, of 
blades Rts. 303 & 301. 
leaf Ca. 2.75 KM ESE of inter, 
blades Rts. 303 & 301. 
leaf Ca. 5 KM SE of inter, of 
blades Rts. 303 & 301. 
leaves Along Arroyo Cajul, ca. 3 
KM E of inter, of Rts. 303 
& 301, proposed VOA site. 
-vf 
O 
Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
19B7 


















35 6 October Thecla mesquite 
simaethis voodland 
36 5 October Saodoptera mesquite 
fruaiperda voodland 
37 23 June Unknovn mesquite 
(Noctuidae) voodland 
Host 
Plant Substrate Location 
Boerhaavia stems & Ca. 5 KH SE of inter, of 
diffusa leaves Rts. 303 & 301. 
Tephrosia stems & Ca. 5 KM SE of inter, of 
cinerea leaves Rts. 303 & 301. 
Tephrosia stems & Ca. 5 KH SE of inter, of 
cinerea leaves Rts. 303 & 301. 
CardioBPermum seeds of 
halicacabum pods 
Cabo Rojo NWR, ca. 2.5 KH 




leaf Ca. 1.5 KH NW of inter, of 
blades Rts. 303 & 301. 
Bothriochloa 
pertuBa 
leaf Ca. 1.5 KH NW of inter, of 
blades Rts. 303 & 301. 
Appendix G. Continued. 
Collection Species of 
Number Date Caterpillar Habitat 
1987 
38 23 June Unknown mesquite 
(Geometridae) woodland 
39 13 July Unknown mesquite 
(Noctuidae) woodland 
40 15 July Unknown mesquite 
(Noctuidae) woodland 
41 25 July Unknown mesquite 
(Noctudiae) woodland 
42 13 September Unknown mesquite 
(Noctuidae) woodland 





Plant Substrate Location 
Bothriochloa 
pertusa 
leaf Ca. 1.5 KM NW of inter, of 
blades Rts. 303 & 301. 
Panicum 
iPWflMW 
leaf Ca. 3 KM ENE of inter, of 




leaf Ca. 1.5 KH NW of inter, of 











leaf Ca. 4 KM SSE inter, of 
blades Rts. 303 & 301 and ca. 1 
KH E of Punta Holino, 
proposed V0A site. 
leaf Ca. 2.75 KM ESE of inter, 
blades Rts. 303 & 301. 
leaf Ca. 3 KM SE of inter, of 
blades Rts. 303 & 301. 
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12SZ 








































Ca. 2.5 KM ENE of inter, 
of Rts. 303 & 301. 
Ca. 3 KM SE of inter, of 
Rts. 303 & 301. 
Ca. 5 KM SE of inter, of 
Rts. 303 & 301. 
Ca. 1.5 KM S of inter, of 
Rts. 303 & 3301 in Corozo. 
Ca. 2 KM WNW Boqueron. 
Ca. 4 KM SE of inter, of 
Rts. 303 & 301. 
CO 
Appendix G. Continued. 
Collection Species of Host 
Number Date Caterpillar Habitat Plant Substrate Location 
1988 








Ca. 3 KH 
Rts. 303 
VOA site. 
SE of inter, of 
& 301, proposed 








Ca. 2 KH 
Rts. 303 
SE of inter, of 
& 301, proposed 








Ca. 2 KH 
Parguera. 
ENE of La 








Ca. 2 KH 
Parguera. 
ENE of La 








Ca. 2 KH 
Parguera. 
ENE of La 
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